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- KayecTeo Ha MUPOBOM YpoEBHe

TunyHbA 8L KoHuvK Wbl KaHTnesepa. Wrna kaHTunesepa
GKDYTNEHUS 0CTPUA <1 0HM Ha Kpalo KOHCONM
Wrnal kaHTHAEBEpa A RENE PAAPBICHIA PACTDO: p

BOTO 3NEKTPOHHOIO MUKPOCKONA)

Wrna, KOHCOAL U KprcTann KaHtunepephl Ye THPEXKOHCOAIbRbI I
C TPEYroNbHOW KOHCOMNLO KaHTUREBep
S R | N[ 4 I _2poB

KpucTann: gavHax wiuputa 3,6 X 1,6 £ 0,1 MM; TonwmHa 350 + 450 MM
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Fm v osar — TpeyronbHasa KOHCONb
— KoHTakTHbie — JIBYXKOHCONbHLIE — bea nokpbiTHs
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= "Super” — ODHOKOHCOABHEE KOpoTkMe  Au, CoNi, Co-Cr, FeNi
— "Standarg” — [pAMOYTonbHAA KOHCOME  — PAM n3obpaxeHus Uikl
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KOPPOIUPYIOWIMX MATEPWaNos, 6e3 rafIbBAHMYECKOTO NOACTONA HUKENA W TRERAOTO Xpoma

HN® «3nan-Npakvuks . A3epxuHck, YN. Bytnepoea,51 tren/taxc 8313-27-40-45,
praktik@sinn.ru  www.elanpraktik.ru

MockoBCKue y4yeHble —
000POHHOMYIKOMMAEKCYIPO!

u [TOrNOTUTENM U 3KPaHbl ANEKTPOMArHUTHBIX BOSH HA OCHOBE
HRHOCTRYKTYPHOTO heppoMariuTHOro MUKPONPOBOAa

B [11CNepCHO-yNPOYHEHHbIE BYHKUMOHANBHO-MDAAUEHTHLIE MaTepuansl
009 3aWWTH OT YAAPHO-NYNEBOro BO3NENCTBUS

® CBEDXTBEPAbIE HAHOCTPYKTYPHBIE MOKPbITUS

® 3aliMTa 10NaToK rasoTypGuHHOO ABUraTENS AeTaTeNbHbIX annNapaTos

Hoseiwwne pa3paboTku Ans 3NeKTPOHHO TEXHUKY,
MHMOPMALLMOHHbIX TEXHONOTWI, NPMHOPOCTPOEHUSA
Kanan o6mena nHpopmatueit "3axkasyunk-Paspaborumk”

Oryn "WHKUPTU WAL "Haxomarepuansi n Hanovexnonorum” STYR "HKS PM"
nm. akanemnka A.W. Bepra® MUCuC
post@cnirti.ru nano@misis.ru

ckbrm@nm.ru




Ot penaxTopa

HoBeiilune HaHOTEXHONOIMHY Hapaay ¢ KOMIBIOTEPHO-HGOPMALMOHHBIMH
TEXHONOTHSIMM M OHOTEXHONIOTHSMH SBASIOTCS (PYHIAMEHTOM Hay4HO-TeX-
HHUuecKOH peBonourd B XXI 8., CPaBHHMbIM M AaKe NPEBOCXOMALIHM TIO
cBOWM Macuitabam ¢ Npeabpa3’oBaHHsAMU B TEXHHWKE W ODLLECTRE, BLI3Ball-
HBIMY KPYTTHEMIUMMU HaydHbIMH OTKPHITHAMU XX B.

B pa3sBuTBIX CTpaHax OCO3HAHME KAIOUEBOH PONH, KOTOPYH Y)XXE B Hela-
neKoM Oyayuwem OYayT MTpaTh PE3yABTaThHl pA0OT IO HAHOTEXHONOTHAM, MpU-
Beso K pa3paboTke WHpoKOMACIUTAOHBIX TPOrpaMM MO MX PA3BUTHIO Ha oOC-
HOBE rOCYNAPCTBEHHOM MOAUCPKH.

Tak, B 2000 r. 8 CLUA npuHATa IPUOPUTETHAS AOATOCPOUHAN KOMII-
JIEKCHAasi MporpamMma, HaissaHHasg HaunoHanbHOM HAHOTEXHOJNOIMYECKOW
MHULMATHBOH U paccMmaTpuBaemas Kak 3(MhEKTHRBHBIN MHCTPYMEHT, CIIO-
coBHnti obecmeduts MnaepcTso CLIA B MepBOi MOJOBMHE TEKYLUErO CTO-
netua. K HacTosweMyY BpeMeHM O10mxeTHOE PUHAHCUPOBaHUE HTOH NpoO-
rpaMmst YBEITHUKIOCH To cpaBHenuio ¢ 2000 r. 8 2,5 paza M goCTHTIO B
2003 r. 710,9 mnn mosu., a Ha yeThlpe roga, Hauwndas ¢ 2005 r., nuaHupy-
eTcs BBIASNMTb eute 3,7 MAPA XOJ/UL. AHANOTHYHBIE MPOTrPaMMbI IIPUHATH
Esponeiickum cowsomM, Anoupmeist, Kntaem, bpasunueit 1 psaoM Apyrux
CTpaH.

B Poccuut paboTsl 1o cO30aHWMIO HAHOTEXHONOTMiT Hauare! elne 50 aer
Hasal, HO /a0 DMHAHCHPYIOTCA W BEAYTCS TOILKO B PAMKAX OTPAC/eBhIX
niporpamMm. K HacTosilieMy BpeMeHH Ha3spena HeoBXoaMMOCTh (DOPMUPOBAHHS
nporpaMMal obledenepaibHoro Macutada ¢ YUETOM NPU3HAHKUA BAXKHOA PO
HAHOTEXHOMOIU Ha CaMOM BBICOKOM TOCYAaPCTBEHHOM YPOBHE.

HupoxoMaciuTabHoe ¥ CKOOPAMHUPOBAHHOE pa3BepThbiBaHMe Ha Ha3se
CYLLECTBYIOLLELO 3ade]a paboT B 00J1aCTH HAHOTSXHOJIOIKIA NO3BOANT Poc-
CUM BOCCTAHOBWTb W MOAAEPXKUBATH MAPHTET C BeAYIIMMY (OCYAAPCTBAMH
B HAYKE W TEXHHMKE, PeCypco- U HEPTrocOepeXeHHU, B CO3MAHUMN SKONO-
MMYECKH alanTHPOBAHHBIX NPOU3BOACTB, B 34PABOOXpaHEHWW M TPOW3-
BOACTBE MPOAYKTOB NMUTAHKWA, YPOBHE XM3HM HaceleHUs, a Takxe obec-
TIeYHT HEOOXOAMMBIA YPOBEHbL OGOPOHOCITIOCOOHOCTH W 0€30MacHOCTH
rocyjapcrsa.

HaHOTeXHONOrMyM MOTYT CTaTh MOLUHEIM HHCTPYMEHTOM UHTEIpALIMM TEX-
HOMOTMYECKOTO KOMIUIeKCa POCCUM B MEXITyHAPOAHBIH PHIHOK BBICOKMX TEX-
HOJIOTUIA, HAIEXHOro OBecCTeyeHHs KOHKYPEHTOCOOCOOHOCTH OTeYECTBEH-
HOH NMPOOYKLMH.

Pa3spaboTKa ¥ yCrIelHOe OCBOCHHE HOBBIX TEXHOMOTHYECKHUX BOIMOKHO-
cTeil NoTpedyloT KOOPAMHAUMMU HCSITEBHOCTH HA TOCYIApPCTBEHHOM YPOBHE

BCEX YYACTHHMKOB HAHOTEX]10JIOTHUECKHUX IPOCKTOB, HX BCECTOPOHHETO 00ec-
nevyeHus (MpaBoOBOrO, PECYPCHOro, HHAHCOBO-3KOHOMMUYECKOI'0, KaApOBO-
ro), aKTUBHON [OCYJAPCTBEHHOR NMOAACPXKHU OTEUECTBEHHONW NPOAYKUMM Ha
BHYTPEHHEM U BHCWIHEM pbiHKaX.

Om pedaxmopa | D

DOopMUpOBAHME U peafu3aLis AKTHBHOM TOCYOApPCTBEHHOM MOMUTUKY B
0BNacTH HAHOTEXHONOI M JIO3BOMAT C BLICOKOI 3PEKTUBHOCTBIO UCITONb-
30BaTh WHTE/UIEKTYaJIbHEIA M HAYUHO-TEXHUUECKUI ITOTEH LU CTpaHbl B
WHTCPCCaX DasBUTUA HaYKH, MPOW3BOACTBA, 3NPaBOOXPAHEHUS, 3KOJIOTHH,
00pa3oBaHus 1 06ecrieuen s HallMOHAILHOM Ge30MacHOCTH Poccun.
B Kownuenuuu pasputna B Poceuitckoir ®enepaunn paboT B 06nactu
HaHOTexHOROrKi Ha nepuoa Ao 2010 roga, onoBPeHHOH B OCHOBHOM Mpa-
BuTensersom Poceniickoit Menepaunn (18 HosGpsa 2004 I.), HCTIOAB3YIOTCH
CAEAYIOWME TePMUMHBI:
¢ HaHomexnomozua — COBOKYIHOCTb METOLOB U IPHEMOB, 0becIeunBa-
IOILIMX BOIMOXHOCTb KOHTPONMPYEMBbIM 06Pa30M CO3JaBaTh ¥ MOLU-
buLHpoBaTh OGBLEKTHI, BKAIOYAKOLUME KOMITOHEHTB C pasMepaMu Mme-
Hee 100 HM, MMEIOWMNE OPHHLUMNUANBHO HOBBle KayecTBa U
MO3BOJLTIOUME OCYIUECTRISIT KX MHTEIPALMIO B NOJHOLEHHO (yHK-
UMOHMDYIOLLME CHUCTEMBL DONBLLIErO MaciuTaba;
¢ HaHOMAmMEepUanbl — MATCPHANbI, COACPXKALLUNE CTPYKTYPHBIE 31eMeH-
TBI, TEOMETPHYECKHE pasMepbl KOTOPbIX XOTH 6bl B ONHOM u3Mepe-
HHW He npeBbiwalnT 100 HM, 1 06MaAaI0ILNE KAYECTBEHHO HOBLIMM
CBOHCTBAMH, ()YHKUMOHATBHBIMU U 3KCIUYATALMOHHBIMK Xapakrte-
PHUCTHKAMM;

¢ HAHOCUCMEMHAA MeXHUKAd — NOJHOCTBIO WIH YaCTHYHO CO3JaHHbIC
Ha OCHOBE HAHOMATePUAJIOB W HAHOTEXHONOTUI QYHKUMOHANBHO 3a-
KOHYEHHBIE CUCTEMbI M YCTPOMCTBA, XapaKTEPUCTUKY KOTODBIX Kap-
AMHANBHEIM 00DA30M OTNMYAIOTCA OT TOKasaTeneir cHeTeM u yCcT-
DOVCTB AHAJIOTMYHOIO HA3HAYEHUS, COIMAHHBIX MO TPaOHUHOHHbIM
TEXHONOTHSIM

*  eHaHOUHOYCmMpUA» — BUA REATENBHOCTH MO CO3NAHUIO NpoayKIMu
Ha OCHOBE HAHOTEXHOJOTHH, HAHOMATEPHANOB M HAHOCHCTEMHOMN
TEXHHKU.

AKTYabHOCTb H BXHOCTh YKa3aHHBIX paboT onpeaesM HEoGXOAUMOCTD
BIJTIOUCHHA HayYHBIX HAaNPABIEHUH, CBA3AHHBIX C HAHOTEXHONOUAMH, B [Te-
PEYEHb KPATHYECKMX TeXHONOMPWI Poccuiickoii Qeaepauuy, yTeepxaeHHbii
Mpesnnenrtom Poccniickoi denepaunn.

Anst vHopMaumonHoro obecrieueHys B o6nacT HAHOTEXHONOINM W3-
narensctBom «TexHocdepas B HOCHEOHME TOMLI YATATENSIM fIPEACTABAEH P
KHHUI «YTNEpORHbIE HAHOTPYGBl U POLCTBEHHbIE CTpYKTYpEl. HoBhie maTe-
puantel XXI Beka», «30HA0BbIE HAHOTEXHONOMUM B AIEKTPOHHKE», «HaHo-
TEXHONOTHM B INEXTPOHUKE», «HaHO- M MuKpocucTeMHas Texnuka. OT vc-
CIEA0BaHUA K pa3paborkaM», «HaHoTextomorums. [loapobuyio undop-
MaLMIO00 THX M MHOTHX APYTHX KHHTAX MOXHO HANWTM Ha caifTe uanaresb-
crea http://www.technosphera.ru.

Perynspuoe ocselienue coBpeMenHoro COCTOSIHMA, NMEPCHEKTUB H TeH-
ACHLMK Pa3BUTUS HAHO- U MUKPOCUCTEMHOM TEXHWKM, PACCMOTPEHUE BOTI-
pOCos paspaboTKy ¥ BHEAPEHUA B PAIMYHbBIE 06JaCTH HaYKH, TeXHOJIIOTHUH
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¥ NPOM3BOACTEA OCYILECTBASETCS Ha CTPAHULIAX EXEMECAYHOTO MEXIUCLNL -
JNIMHAPHOTO TEOPETHYECKOTO Y MPHUKAANHOIO HAYYHO-TEXHUUECKOTQ XYpHa-
Jia «HaHo- 1 MUKpOCHCTEMHAs TeXHHuKay» (hitp://www.microsystems.ru). XKyp-
Han BKIoueH B IlepeueHb HayyHbiX M HayYHO-TexHWYecKux M3manuit BAK
Pocenu ¢ anpens 2003 r. C mMag 2003 1. XypHan BHINycKaeTcs NMpu Hay4dyHO-
METOAUUECKOM PYKOBoACTBe Otaeneuug UHOOPMaUMOHHBIX TEXHONOTAR W
BBIUMCIIMTEbHBIX crcteM PAH.

B naHHOi KHHTE MPUBEASHBI MUMPOBbIE HOBOCTH 3a 2005 T., crpynnupo-
BaHHpIE IO pa3le/aM W OXBATLIBANOLIME HAHOMATEPUAITBI, HAHOJIEKTPOHH-
KY, HAHOOATYKKH W HAHOYCTPOICTRA, NWarHOCTHKY HaHOCTPYKTYP W HaHO-
MaTepHanos, HAHODHMOTEXHONOTHIO U NMPUMEHCHHE HAHOTEXHOJIOTUM B
MeauuuHe. B patore npeactaBaeHbl pYMEPS! peaiM3aliiy W NPUMEHEHHS C
LBETHBIMY WUNIOCTPALHUSIMK B 0BNACTH TEXHOJIOrUH (POPMUPOBAHMA HAHOC-
TPYKTYD, METOOB UCCIENOBAHUSI HAHOMATEPHAIOB, METPOJIOTHUECKOE 00eC-
NeYeHUE M OCHOBBI TEXHOAOrMH HAHOCHUCTEMHON TEXHMKH.

Brixon 310 KHUTH CB3aH C YCWIVIAMM CRELMATUCTOB U3 PA3HbIX KO-
nexrusoB. Tlpexae Bcero xoten 6bl nodiaronapuTh asTopa pasgena «Hoso-
CTU HAHOTEeXHOJiornu» Xyphana «HaHO- U MUKPOCHMCTEMHAs TeXHHUKa»
I0.I'. CBuanHeHKO M penakropa M3marteabcTBa «HoBhie TexHoOmMOrMM»
E.B. [puropnu-Psu6ony, a Taxke nvpektopa UMW PAEH JI.}O. Bouapo-
Ba — 3a CO3[aHME 3NeKTPOHHOM BEPCHHU COOOLIEHUWI A KHMIM M KOM-
MEpPYECKOro nupexTopa usnartesbeTBa «TexHocdepa» O.A, KazaHueBy —
3a co3laHMe MAakeTa, OflePATHRHOE M3NaHUE M PAaclPOCTPaHEHHE KHUIH.

Tasnotii pedaxmop wcyprasa «Hano- u muxpocucmemuas mexnuxa»
Ilemp Masrvues

23 masn 2006 200a

FNABA 1

HAHOMATEPWAJbI

Hanomarepuan rpadeH — nneHka TonuMHoun
B atom’

[podeccop Duapio Telim K ero koierd M3 YHupepcurera ManuecTepa
(CIHA) cosMecTHO ¢ KomaHno# gokropa K. Horocenosa n3 YepHOTrOMOBKH
(Poccus) BriepBble B MUPE CYMENH NOAYYUTh TKAHD TONLIMHON B OAWH ATOM.
HoBblit HaHOMaTepHas pencTaBsieT COO0H «pa3BEPHYTYIO» HAHOTPYOKY. DT0
TINEHKA W3 aTOMOB YIepoaa, cocTapnsiowast coboil ogHy Momexkyny. XKyp-
HaMUCTh! OKPECTUAU HOBbIH HAHOMATEPUAN «ABYMEPHBIM», TAK KAK OH TOJ-
UMHOW B OAMH aToOM YIJIepona.

Hosulit MaTepuan Hazsaiu rpagieHom (graphene). Tpodeccopy Teitmy
BIIEPBLIE YRATOCH OTIENMUTL aTOMApHDbIM croit OT KpucraLia rpadwura. Tlpu
3TOM OTAENEHHBIE ATOMBI COXPAHW/K CBSA3b ADPYT C ADYTOM, 06pA30BaB «3ari-
JIaTKy» M3 TKaHH TONLMHON B OAMH aToM. MccncnoBaresiv Ha3Baln HOBLIHA
Marepuan AByMEpHHIM (yiiepedoM. 'pader crabuneH, odeHb rHOOK, Mpo-
4YeH M MpOBOAMT 37eKTpUuecTBO (puc. |.1). .

Puc. L.1. I'padgeronas nneHka — cuMyisiuns H MukpodoTorpacpus

Tlpy Tako# TONUIMHE TONEPEUHMK KYCOUKA «TKaHU» B AECATH MUKPOH
BBILJISLAMT OFPOMHBIM, HO YYEHBIE FOBOPAT, YTO HET HWKAKMX NPHUHLIMITU-
aNbHbIX OrPpaHUYEHHH QUi CO3JaHUsA TaKMX TKaHEH pa3mMepoM B CaHTH-
METPBHL.

HccnenoBateny cocpesoTOMMAUCH HA MCCHIENOBAHHHM 3AEKTPHUYECKUX
CBOMCTB HOBOTO MaTepuana. C MoMoubio rpadeHa ydeHble CO3NAIM TIONe-
BOH TPaH3UCTOD, KOTOPbIA padoTan NMpH KOMHATHOH TeMITEpATYpe B 0GhIY-

! HoBocru HanorexHonoruit. Xypran HMCT. 2005. Ne 2.
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Puc. 1.2. TpacdbeHoBW#A TPAaH3UCTOP

HbIX yeaosusix (puc. 1.2). bpl10o TakKe YCTAHOBJEHO, YTO 3NEKTPOHB! B TpaH-
3MCTOpE MOTYT NMEpeMEILaThCs Ha CyOMMKPOHHBIE AMcTaHWy Ge3 pacceusa-
HUA, YTO OYEHH BAXHO Isi NMpHMeHeHHa TpadeHa B MUKDO3/NEKTPOHHBIX
YCTpOMCTBAX.

ApToppt paboTst nipouat rpadedy Gonpusoe Oynyuiee B HOBBIX MaTepua-
nax, a TakkKe — CYTEepPKOMITBIOTEpax Oyayulero, roe pa3Mepb! JIOTHUECKWX
cxeM OyayT YMEeHbLUEHB B MMJUTHOHLI pa3.

ORHAKO HA CErONHAWIHWIH IeHb YUEHBIE MOFYT IIPOU3BOAUTD rpadeH Ky-
coukamy pasmepamn 10x10 mxm. Kax ckazan [eitm, «kosga Mbl HayduMes
CUHTE3UPOBATh IpapeHOBYIO TUIEHKY pasMepaMy B 10x10 MoOAMOB, TO TORb-
KO TOrma MOXHO GYIET FOBOPHTb O TOM, YTO HOBBIH MaTepuan Oyner ycnew-
HO MPUMCHEH B MUKPOIIEKTPOHHKE».

Joktop HoBocenos no6aBua, 4To «CeroiHA MHOTHE MUCCIIEA0BaTEMN MPO-
M3BOIAT HAHOTPYOKH BCe GONBbLIEH AIHUHbI, TTO3TOMY W TEXHOJIOTHUHU MO TIpO-~
¥3BOACTBY IpadeHa ToxXe OYAYT pa3BuBaTLCA».

MpoapauHble NNEHKU U3 HAHOTPYGOK'

Ana npous3BoacTBa MTHOKWX KOMITBIOTEPHBIX MOHMTOPOB HYXHbI TAaKHE SNEK-
TPOHHbIE KOMIIOHEHTEI, KOTOPHIE OblAU Obl M 3JEKTPONPOBOAHBIMY, U rué-
KM¥MY, N NIPO3PATHbIMHU.

Hconenosarenu uz Yuupepcuteta dropuasm (CUULA) M yueHble 13 BeH-
repcKoil aKkameMmy HayK pa3spaboTanu TeXHONOMWI MpPOM3BOACTRA [(HOKHX
TIPO3pPavHBIX [UIEHOK U3 OfHOCIONHBIX HAHOTPYOOK. [IpH ITOM MuieHKa a8-
JISTeTeA 3MeKTPONpoBoaHoiL. [Ipo3pauHbie ¥ THOKME AUCTEH Ha OCHOBE Ha-
HOTPYGOK MOTYT WCIMONLIOBATHCS B KOMIBIOTEPHON TexHuKe, mHpakpac-
HDBIX KAMepax, MOOHIbHbIX TenedoHax, 3EKTPORHON Bymare W T.A.

! Hoeocty HaHotexHosorui, XKypnan HMCT. 2005. MNe 1.

ITnenxu u3 nanouacmuy HOPMUPYIOM «pe3UH08bIEr HAHOMPYBKU @)

TCXHONOTHSE M3rOTOBIEHUS [UIEHOK IIPOCTA: WCCIEAOBATENH TIOTPY3WIH
HAHOTPYOKH B XMAKOCTb, a 3aTeM TNPOYWIETPOBANU PaCTBOP HA CneLMalb-
HOM MeMOpaHHOM (pPuabLTPe, KOTOPhIH TIOTOM pacTBOpPUNM. B ntore nonyuu-
JIACh MJEHKA, COCTOSIAS M2 DACKTPONPOBOAHBIX HAaHOTPYOOK M rnbxoro
MIacTHKOBOro cybcrpara.

Kak yrBepXaaloT UCCACAOBATENN, TOJILUHY MJICHKW MOXHO U3MEHSTh C
HaHOMETPOBOM TOYHOCTBI0. Cefiuac e YHCHLIE W3MOTOBMIN TUICHOUHbIH AMCK
anamvetpoM 10 em M TonwmHoON Beero oT 50 1o 150 um.

TlneHka TomumHoit B 50 MM mponyckaer 70% Buaumoro ceera 1 90%
UHpaKpacHoro.

UccrenoBaTe/M YCMob30BANIH MNEHKY UIS TOTO, YTOOb! CAENATh «ONTHIEC-
KMt TPAH3UCTOP», KOTOPbIH U3MEHSET CBOIO NPO3PAYyHOCTh B 3ABUCUMOCTH OT
MPACYTCTBUA 3NEKTPUYECKOro nons. TpOoM3BOACTBEHHBIA NPOLECC HaHOTPY-
OOUHBLIX HAHOIUIEHOK MOXeT OblTb HalaxeH YXe uepe3 ABa roga, cooGIAIOT
yueHsle. OHy onucany cBoo paboTy B aBIyCTOBCKOM BhITTYCKe Science.

MneHku u3a HaHovacTuy dopmMuUpyloT
«PE3UHOBbIe» HaHOTPYbBKM'

Viccnenoratens [laxpay Yueb us MinHoMcckoro ysusepcureTa co3aas rub-
KME KpeMHHEBbIE HAHOTPYOKM. 3TO ynanoch chenatb Gaarogaps CHHTE3Y M3
HAHOYaCcTML KPEMHMsS HAHOIUIEHKH, KOTODPYIQ 3aTeM CBEPHY/H B TPYyOKy.
[omyyerHble HAHOTPYOKH rHOKME, KaK Pe3UHA, ¥ MOTYT [IDOBOAMThL INEKT-
puuccTio. [loxoxue CTpyKTyph! OTAATEHHO HAIIOMUHAIOT HAHOTPYOKM, OHH
00/l BCErO MOXOAST jia MUHMATIODHBIC CBHTKH.

«JTr MMHAMATIOPHLIE HAHOCBMTKM MOTYT ObIiTh Tf01e3Kbl B KAYECTBE KATa-
TNH3aTOPOB XMMUUECKUX peakiMit. Taioke HAHOCBUTKYM OyAYT MPHUMEHSTLCS B
HaHOPOOOTOTEXHHKE, HAROAIEKTPOHUKE M MUKPOCKONMYECKUX Nasepaxr, —
roBopuT Yneb, npodeccop MEXaHUKH ¥ TIPOMBIILIEHHONW HHXEHEDUH W3
yHuBepcuteta MimHonca. s Toro 4robsl ¢aenarb HaHOTPYOKU-CBHTKH,
Upeb u ero Kojunera npogeccop Oousuku Azam CMHT B3I 33 OCHOBY KO-
JIOHAHYIO CUPTOBYIO CYCIIEH3MIO KPEMHKEBLIX HaHOYacTML (KaKaas HaHO-
YACTMLIA KPEMHUS B AMaMETpe cocTapiseT okono 1 um). CycneHsunio nome-
CTHUAM B CWIbHOE 3JIEKTPOCTATHUECKOE MOJRE, IMOCAE 4er0 HaHOYaCTH LB
NepPeMECTIINCH K MOJNOXUTENLHO 3apsSOKeHHOM MOCKOCTU KOHTEHHepa, Iae
OHY HaxOAWAMCH, 00pa30BaB TOHKYIO ILTIEHKY. Koraa ruieHka 6bia BbhICyLue-
Ha, yueHple CBEPHY.IM ee B HAHOTpYOKy. [locne uamepenus obpasLios yue-
HBbI€ YCTAHOBWIM, YTO AMaMETP MOAydYeHHBIX 00pa3loB xonebsercs oT 2 O
5 MKM, a MX IUIMHa cocTasasga oxoao 100 Mxm.

Hcnone3ys aTOMHO-CUI0BOH MUKPOCKON, YYeHBIE U3MEPHNMU MOnylb
FOnra (Mmomyme FOHra — 3T0 MoKazatens MaCTHYHOCTHA MEXaHHYECKOro 06heK-
Ta) HanoTpyBok. Oxaszanoch, Yto oH B 5000 pa3 menbiue moayast HOwra mis

' EurekAlert (http://www.eurekalert.org/ pub releases/ 2005-06/uoia-tfo061405.php).
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KPUCTAJNIYECKOTO KpeMHMst ¥ Bcero B 30 pa3 6ojibiie 3HaYEHWS 2/1aCTUY-
HOCTH ISl pe3suHbl. IpyGo roBops, rnonydeHHble HAHOTPYOKY M3 KpeMHMs
YyTb XECTYE AHATOTHYHBIX 00pa3uOB M3 pe3uHbl. [lockonbKy KpUcTamnu-
YeCKHUIl KPEMHUIT COBCEM HEe MOXET MU3rubaThCs, TO JOCTHXKEHMNE YYEHBIX K3
Unnuroiica 6yaeT WCNoaL30BaTLCA B MEPBYIO OuYEPelib B MHKPO3NEKTPOH-
HBIX YCTPOHCTBAX: rHOKMX MOHMTOPAaX ¥ KOMIILIOTEpAX, «yMHOH» OAeXle u
3NEKTPOHHbIX TPOAYKTaX I MEAULIAHEI.

«Mbil npeanofaraeM, 4yTo HaHOTPYOKA, HAH HAHOCBUTOK, COCTOUT U3 KpeM-
HHEBBIX HAHOYACTHL], KOTOPLIC CBA3aHBl MEXAY coGoii aroMaMu Kucroposa
W 00pa3yIoT TPEXMEPHYIO CTPYKTYPY, NMOXOXYIO Ha ceTh, — ropoput Yueb. —
A HEeOOKIYHO BHICOKAS THOKOCTb HAHOMATEPUAIA BbI3BaHA TEM, YTO KPEMHHK-
€BbIC HAHOYACTHUE! HE CBA3aHbl KPUCTANIMHECKON pELUETKON, @ CTPYKTYPH-
POBaHbI COBMECTHO € atOoMaMH Kucaopona. [Ins cosganus 3Tix HaHocHcTeM
MBI MCNOMB30BATH HOBBIH METOA, KOTOPbIt MOXET NPUMEHSATHCA [IpH KOH-
CTPYMPOBaHUMK [OCUIEBLIX NaDOpPaTOpUii-Ha-YHIIEs.

Yyeurie NpefBAAAT ellle HECKONBKO OOjacTeil ojif NpUMEHEHMS HaHo-
TpYOOK. «Tax KaK KPEMHUEBblEe HaHOUACTHUUB!, U3 KOTOPHIX COCTOAT HAHO-
CBWTKH, XapakTepU3ylOTca TaKMMK CBOHCTBAMM, KaK (QOTONIOMHUHECUEHIHS,
GoTOCTADUNBLHOCTL U (POTOIMUCCHA, TO BIIOJHE BEPOATHO, YTO Ha MX OCHO-
BE MOXHO cHeflaTb (DOTOAHOMbl ¥ TMOKME N1a3ePbi, KOTOPbIMKA MOXHO Oyaer
YIPABJIATh C MOMOLLLIO 3NMEKTPUIECKOrO NMossi», — roBOpUT CMUT.

AnekTponpoBoAsWMNEe HAHOTPYOKU OonbLLON
ANuHbL'

CoeumanicTel M3 yHUBepcyTeTa KannopHun B HpeaiiHe cosgann cambie
ANHMHHbIE B MUDE 3/EKTPONpPOBOAsILIMEe HAHOTPYOKH. Jnuua aTtux yraepon-
HbIX HAHOTPYOOK ((paxruueckH — cBepx0oablimx Mogekym) — 0,4 cMm. Panee
MBI YXe cOoODLUany O TOM, KaK HCCNeJoBaTesIM YAaAoCh CO3MATH OObLIYHEIE
HAHOTPYOKK ANKHOMH 4 CM, HO OHM TIJIOXO NPOBOAMIMN INEKTPUYECTBO.

Hosas nnnHa HaHotpy6ok B 10 pa3 Sonblue MpexHETo pexkopaa. Takxe
TOJIyYEHHBIE TPYOKH OKa3TMCh 3aMeYaTeNbHBIMY NPOBOAHHUKAMU, NPEROC-
XORALMMU 1O INEKTPUUECKHUM CBOMCTBaM Megb. PaGoTanu Hal NpoeKToM
yuennie [Turep bepk, Kpucrogpep Pyrrepsen n XKew 10.

YuyeHbie noMyYws peKOpaHbIE MOJEKYNbl, HATHETAS B CITELUHAILHYIO NE€Yh
NPUPOAHDII ra3. B neys nogaBav HAHOYACTHULULI Xejle3a, ¢ KOTOPbIMU pea-
rvposan ra3. B urore ynanocb CUHTE3WpOBATh YTAEpOAHBIE HAHOTPYOKM,
KOTODBIC OCAXAANMCh Ha 3010TOR MOMIOKKE, NpeacTarnsaBieit cobol ckon-
JICHHE TOHKHUX 1POBCIAHUKOB. anCYT’CTBHC 30N10TOH NONJIOXKH H HAHOUaC-
TAL( XeNe3a TO3BONUAO CO3AATh JJIMHHBIE HAHOTPYOKM.

TpybGxy MOBACANM MexAy OTAEILHLIMH 30J0ThIMM ICKTPOIaMH, K KOTO-
DPhIM NIOTOM W NOABOAMAU TOK MCCnefoBaTenn. Ha pucyHKe MOXHO YBMAETh

! HosocTh HanotexHonorn#, XypHan HMCT. 2005. Ne |,

Hosuiit uncmpymenm susyanusayuu Hanomupa: spiue KeaHmossie mouKu ID

MaTpylly 30A0TbIX NMPOBOAHUKOB, MEXAY KOTOPbIMUM POCITH HAHOTPYOKM. D1a
paboTa — BaxHbIA WAT HA MYTH K CO3MAHMIO HOBBIX THITOB BEMUCINTEIbHBIX
YCTPOMCTB M KOMITBIOTEPHOH NAaMATH.

Hccnegopareny JONOXWIW O CBOEM OTKPHITHH B CEHTAOPLCKOM BbUTYCKE
xypHana Nano Letters.

HoBblA UHCTPYMEHT BU3yannsaumu HaHOMUPaA:
fipKMe KBaHTOBbLIE TOUKM'

Yyenbie #3 KOPHEIICKOTO yHUBEpCUTETA CO3AATU HOBBI THN APKHX KBAH-
TOBbIX TOY€K, HA3BAHHLIX UccenosaTensmMu «Cornell Dot». DTH HaHOCTPYK-
Typbl NPaKTHYECKH YHHBEPCATbHbI! MX MOXHO UCIONB3OBATb B MEOWLIHHE,
KOMINBLIOTEPHON TEXHUKE, MMKDO3JIEKTPOHUKE W GUOTEXHONGTHH.

Hosaa Texnomornus, paspaboTagHas WCCIEAOBATENSMHU, 3aKITIOVALTCH
B TOM, YTO KBAHTOBLIE TOYKYW OBPaBaTBIBAIOT, HAHOCH HAa HMX CMELHUATh-
HOE KPEMHHEBOE IIOKPLITHE, W NOBABIAIOT CTIELLUDHUUECKME METKH, KOTO-
peie 11o3BoasoT npuaasath «Cornell Dot» paznuunbie csoitcTsa. Tak, Ha-
NpUMEpP, MOXHO CAeNaTb KBAHTOBBIC TOYKU (PIYOPECLUEHTHBIMU U
WCITONAB30BATh MX AJIA UCCIEL0BAHUS XKUBBIX TKaHel ¢ NOMOWLIQ ONTH-
YeCKOH MHMKPOCKOTNWH. C rNOMOILbIO HALUMX KBAHTOBHIX TOYEK YUEHBle
MOTYT MPOBONMTL UCCACAOBAHNSA, KOTOPhIE 63 UX HCIONL30BAHUA HEBO3-
MOXHBI», — CKa3aJ Ynbpux BaitcHep, npodeccop mMaTepuanoBefcHUs U3
KopHennckoro yHusepcurera.

KBaHTOBEIE TOYKH — 3TO HAHOYACTHLIB! OMYIIPOBOIHUKOB (CENEHM Kal-
MUA, HANIpAMED), Beaylluue cebR Kak oTaeabHbie aToMbl. OHU MOTYT NOMIO-
luaTh CBETOBBIE BOJIHBIL, [epEeMeELlan 21EKTPOHBI Ha 6osiee BLICOKHIH aBepre-
TUHECKHA YPOBEHD, W BbiACNATL CBET MPHM NEPexolle 3NEKTPOHOB Ha
HH3KO3HEPreTHYECKMt ypoBeHb. bnaronapsa 3toMy cpolicTBY ¥x M MCHONL-
3Y10T B Ka4ecTBe (DNYOPECUEHTHBIX METOK.

C noMOLUBIO ONTHYECKOTO MHKPOCKONA Mbl ME MOXEM TpPOCIEOHTh 3a
NEPEMELICHUEM OTAE/IBHBIX MOJIEKYST BHYTDH XMBOU KJIETKH, a C TIOMOLLIO
SJIEKTPOHHOIO MHUKPOCKOMa OTHENLHBLIE MOJEKYNbI BWIAHBI, HO ANA 3TOTO
KJIETKY NPUXOAHUTCA YMEPTBUTh. ONHAKO €CNU CHaOAMTL KBAHTOBBIC TOWKM
CMEUMANbHbIMUM MAapKEPaMH, TO MOXHO NPHKPENUTL 3T HAHOCHMCTEMbI K
OTOCNBHBIM THITAM MOJNIEKy.1. JIis KNeTKY 3T0 He NpeacTampiseT Bpeda, ¥, YTo
CamMoe¢ rnaBHOE, PE3YJAbTaTbl BUAHBI B OMTUYECKMIt MHMKDOCKON Gaaroaaps
$ayopecueHunMmn MapkepoB. [103TOMY WCCAENOBATERY UCTIONB3YIOT KBAHTO-
Bbie TOMKH B GUOSIOTHYECKMX UCCNEA0BAHMSIX.

YT0 Xe HOBOTO YAANOCh MPUBHECTH B VXK€ OTNaKEHHYIO MPOLEAYPY MC-
crenoBaHMit yuenniM M3 Koprenna? Bo-nepBbix, OGLMHAE KBAHTOBBIE TOUY-

" Comnell University: After quantum dots, now come glowing «Cornell dots», for bjological
tagging, imaging and optical computing (http://www.news.corneU.edu/stories/May05/
CUdots.ws.html).
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KM XMMHYECKH aKTHBHbI, 4 3TO MOXET HEraTUBHO MOBAVATDL Ha [IPOBOAHMBIE
€ VX UCMOJL30BaHHEM UccaegoBanus. Bo-sroprix, onu B 30 pa3 apue obbri-
HEIX, YTO [IO3BOJIMJIO «BBICBEYUBATL> BHYTPH KIIETKH OTAEABHBIC MOJIEKYITHI,
W B-TpeTbux, OHYM MOTYT APUCOEAMHATLCSH TONBKO K TEM MOJEKYNaM, MapKe-
Pbl KOTODBIX MCC/IEAOBATENIM «3aNpPOTPaMMUDPYIOT» B KBAHTOBOH Touke. Bce
3TH BBITOALI YYE€HBIM NpUHEcNa HOBaf apXUTEKTypa MOCTPOEHMS HaHOYac-
THLL; TENEPh KBAHTOBAsI TOYKA — 3TO JOBOABHO CJIOXHOE NPOrpaMMHIpPYyeMoe
HaHOYCTPONCTBO.

«Comell dots», wmm «CU dotss, — HaHOMACTHLLI, COCTOSIMIME M3 AOPA
JUAMETPOM 2,2 HM, TIOMEUIEHHOIO B KPEMHHUEBYIO 0GOI0UKY, COmepXalllyio
MOJTEKYIBI qUIyOpecleHTHOM Kpacky (puc. 1.3). Jlnamerp HaHOWACTRIIB Le-
JUKOM — 25 HM. YueHble Ha3BWIM TAKOE CTPOEHUE KBAHTOBOU TOUKM apxu-
TEKTYPOH «s1Ap0-000/I04Ka».

Puc. 1.3. CxemaTHyeckoe MpencTaBlIeHne KBaHToBoM Touku «Cornell Dot

PaHee mis HaHeceHUs! HAa MOBEPXHOCTb KBAHTOBOM TOUKH OeaKOBOTO
Mapkepa HYXHO 6b10 WCMOAB3OBATH AOPOTrOCTOAIUMM TTPOM3BOACTBEHHBIH
[polLece, KOTOPLI COCTOSUL B TOM, YTO KBAHTOBYIO TOUKY MHKAIICYAMPOBAIU
B nonaumep. [Tepexon Ha KpeMHUH TTO3BOJIU BHAYMTENBHO COKPATUTh CTO-
MMOCTh AMAarHOCTHKM M, KAK CJCACTBME, CIENATh €e OOLUeIOCTYMHON LS
COILHUL (U151 pPaHHEH NMAFHOCTHKK paka, Hanpumep).

BaiicHep roBopMT, 4TO «KpEMHHI — 3TO ACLUEBLIA MHEPTHBIA MaTepuan,
KOTOPBIH K TOMY XE€ JIETKO HaHECTH Ha TI0BEPXHOCTL KBAHTOBO Touki. BMmecre
C TeM KpeMHHiT — mMaTepuan Ne | B 3NeKTPOHUKE, a ITO JaeT YBEPEHHOCTh B
TOM, YTO Yy KBAHTOBBIX TOYEK, MHKAMCYIMPOBAHHLIX B HEM, Bonbuioe Gyny-
ufee B MUKpPO- M HaHO3JeKTpOHUKE. Hanmpumep, Onarogapst anutenabHoiA
duryopecueHurn «CU dotsy MOKHO CAENATh HOBbIE THTIBI AUCILIEEB MKW CKOH~
CTPYMPOBATh W3 HHUX ONTUYECKHI KOMIbloTep». B KOHTPONIBHOM Hccneaosa-
HUW YYeHBIE BBISRWIM paKOBsie KIETKH B o0pasiie TKaHHW JuesfoBeka, OOabHO~
ro Jedikemueh. Anturena ummyHornobynuna E (IgE), pacnonoXeHHne Ha
TIOBEPXHOCTH PaKOBBIX KIIETOK, CBA3BIBANIMCH ¢ HAHOMACTHLIAMM, a PE3YJIbTAT
OLIA0 BUIOHO B ONTHMECKHH MMKPOCKOM.

Yuenvie uz Bpyxkxetigena co30aau YRUKANHYIO HQHOCMPYKMYPY

Orrriuyeckie cBOMCTBA HOBBIX KBAZHTOBLIX TOYEK AOBONBHO HEOOGBLIYHBL
DuanKH 3a0aNvch BOTIPOCOM: [TOYEMY ST KBAHTOBBIE TOYKYM TaKME APKHE?
Be/ cyMMapHasi SpKOCTb BCEX 4acTed ONHOW HaHOYACTULb! MEHbIUE BCEH
CBETOBOM SHEPTHH, UATYYaeMoil elo. BbUIo NMpeinoxeHo HECKOJIbKO 06bsc-
HeuWi. OIHO K3 HUX 3AKMO4AeTCH B TOM, YTO KpeMHHEBas 000JI04Ka 3alH-
waeT hayopecLeHTHBIE METKM OT KOHTAKTA CO CPEaoM.

BHe BCAKOro COMHEHMSA, HAHOTEXHOOIM BCKOPE MNOAYYAT €1le O0MH MOLU-
HbI! MHCTPYMEHT BU3yaM3auyy HAaHOMUPA. «YMHOE» UCNOJB30BAHHUE KBaH-
TOBBIX TOYEK TOABKO HAUMHAETCH.

YueHbie U3 BpykxeiBeHa cO30aNMU yHUKaIbLHYIO
HaHOCTPYKTYPY'

YueHnsle M3 HaumoHansHoOR nabopatopud Bpykxeisen paspaGoraid MeTon
MPOM3BOACTBA HOBBIX HAHOCTPYKTYD. JTO YIBTPATOHKHE «HAHOMEHThI», HaHE-
CEeHHbIE HA MOBEPXHOCTh HAHOTPYOOK. DTa KOMAHAA MCCIEAORATENEN YXKE He-
CKOJIBKO pa3 CTAHOBHIIACH TEPBOOTKPbIBATENEM PaIMYHBIX HAHOCTPYKTYP C
HeoGbIuHbpIMM cBOCTBaMK. O CBOEM JOCTIDKEHMM YdeHble COOOILMIU B OH-
naiti-phimycke Nano Letters ot 4 uions 2005 r. Kak oka3ajnochk, HaHOCTPYK-
TYpbl B BUJE HAHOMOSCOB XapaKTEPM3YIOTCH YHUKAIbHBIMM MEXaHWYECKUMU
W SeKTPHYECKMMHM CBOJCTBAMHU. «MBbl MOXEM CHHTE3UPOBATH HAHOTIOACA TO -
IMHOM OT 2 80 5 HM. DTO NOBOJBHO BAXHO, TaK KaK V3MEHEHWE TOJLLMHbI
CHI0S JOCTMTaeTCd HOBBIM METOHOM MPOM3BOACTEA HAHOCTPYKTYD, — TOBOpUT
onuH 13 uccnenopareneit Beit-Kaanr XaH. — Takke Mbl 04€Hb FOPAHMCS TeM,
4TO CO3DATM HOBbIH THN HAHOCTPYKTYD». )

Y106b! BEIPACTHTL HAHOMONCA, COCTOSLIME U3 IEPMaHHs, Ha MOBEPXHOC-
TH HAHOTPYGKH, Y4eHble MCIONBIOBATH HOBYIO MeTomuky (puc. l.4). Yrae-
poaHble HAaHOTPYOKM (ITOC/Ie YCTIELIHOIO HApalMBaHWs HAHOMOACA Ha yriie-
POAHLIX HAHOTPYOKAaX YUeHbIC SKCNEPUMEHTHDOBAIH ¢ HAHOTPYOKaMu W3

a b f‘*

Pnc. 1.4. Ipouecc coznanns Haxomosca. HanoTpybka (a) nokpsita aToMamu
repMaHus (6), KOTOphle KPUCTALTMIYIOTCA MO BO3ASHCTBHEM TEM-
epaTyphl, 06pasysl HAHOMNOAC W3 repMaHust, CBASAHHBIA ¢ HaHO-

TpyOKO# (B)

! Brookhaven Center for Functional Nanomaterials: Brookhaven Scientists Create a
New Nanostructure.
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AKUTpUAa 00pa) ObUIM MOMELLEHB! Ha MCAHYIO MoBepxHocTh. [anee BepxHue
9acTH HaHOTPYOOK OBbLTH NOKPEITH aMOpP(AHbIM (HEYNOPSIOUEHHBM) CJI0EM
aTOMOB repMaHus. TOMWHY CNOSl YYEHblE M3MEPAIMN CIleLUATBHBM YCT-
POHCTBOM, KOTOPOE MO3BOJIMIO KOHTPOIUPOBATE ITPOUECC HAHECEHHSI CIOS
C TOYHOCTBIO O HAHOMETPA.

HakoHeu, HauoTpybxu Harpesu a0 750°C BHYTpH MUKPOCKOIMA CHeLHanb-
HOFO UcronmHenus, [1o Mepe TOro Kak HaHOTPYOKM HarpeBaIHCh, aMOPhHBIN
C/IOW ATOMOB repMaHMsl KPUCTA/UIM3OBAICS, TTOKPbIBas HAHOTPYOKY OMHODOI-
HOM HaHOCTPYKTYPOi, HarmomuHaloweHh mosc. HaHonosic okasancs xuMuyec-
KM COEIMHEH C NOBREPXHOCTBIO HAHOTPYOKH, 00pa3oBaB HOBYIO THOPHAHYIO
HaHOCTPYKTYPY «f¢cpMaHueBasi 000/I0UKa — YTJIEpOAHas HAaHOTPYOKa».

«DTOT METOL TIO3BOJISIET HAHOCKTD MOKPBITHE TONIUKMHOM OT 2 40 5 HM, B
TO BpEMS KaK paHee YNaBaloCh CHUHTE3MPOBaTh TONGKO |(0-HaHOMETPOBBIH
CN0it, — TOBOPHUT XaH. — HaHOCTPYKTYPbl, CUHTE3HPOBAHHBIC ¢ TAKON TOU-
HOCTbIO, XapaKTEPU3YIOTCE HOBLIMKM (U3MYECKHMHM CBONCTBAMM, HAMPHMED,
OHM JIyullle NPOBOASIT 3NEKTPUUYELCTBO, YEM NPOCTLIE HAHOTPYOKH. BTO MO-
XET NPUTOAWTLCSA B GYAYIUKMX HAHO3NREKTPOHHBIX ycrpoiicraax. Takke Bo3-
MOXHO CO34aHHe TMOPUAHON HAHOINEKTPOHHMKHK (IMTOAOBHO MOy POBOAHU-
KOBbIM F€TePOCTPYKTYPaM). Mbl yBEPEHbI, YTO Hallle OTKPHITHE TIOBJIKSET Ha
MECTO/bl MPOU3BOJACTBA HAHOCTPYKTYP B HAHOTEXHONMOTUH, CUHTE3 HaHO-
CTPYKTYD, TPOU3BOACTBO HAHOYMIIOB».

B cneayrommx viceneaopanusx B.-K. Xas ¥ ero koMauma TuraHUpyIoT Ae-
TANLHO HCCAEA0BATh TPAHCIOPT ANEKTPOHOB B TMOPUAHOM HaHOYCTPOUCTBE.
[To cnosam yueHbIX, 3TO TIOMOXET Y3HATH, KaK MCIOJb3OBATh 3TH HAHO-
CTPYKTYPEl 8 NPOM3BOACTBE NEKTPOHHBIX UHITOR.

PaGora vccnesosatencit Gupna NpoBeneHa 8 paMKax nNporpaMmul fenap-
TaMeHTa SHepreTuku CLIA.

CepeOpsaHbie useTbl u kapta Hosoih 3enanguu
B HaHomMmupe'

ITpoM3BOKCTRO HAHOCTPYKTYD ¥ HRHOMATEPHANIOB C HAMEPE 3A1aHHbIMHM CBOH-
CTBaMM — OIOHO W3 TIZBHBIX HAMPABJICHWI COBPEMEHHBIX HAHOTEXHOMOTHH.
Kaxaslit roa TeXHONOTUHM NPOU3BOACTBAE HAHOCTPYKTYD COBEPLLEHCTBYIOTCS,
M HET MecsLla, B KOTOPOM He pa3paGoTaiy Obl HOBYIO TEXHOJOFUIO. 3aech
MBI PacCKaXeM O [BYX PEBOJIIOLMOHHEIX METOMAX MPOM3BOACTBA HAHOMATe-
PHANIOB: BbIpAUIMBAaHWE HAHOCTPYKTYD C «Yy30PaMM» W MIOCKMX MHUKPOCTPYK-
TYP POMU3BONBHOM reoMeTpuid. C TOMOILBIO MEPBOTO METONA YHEHBIC CMOT-
AW CHOeNaTb «METALIMYECKHUE LBETL» PA3MEPOM B HECKOJIBKO MUKPOMETDOB,
a C MOMOLLbIO APYTOr0 — MUKPOMETPOBYIO KapTy HoBoit 3e1aHANM BLICOKO-
TO pa3peleHHus.

| Nanolechweb: Stressed-out microstructures form botani cal-style patterns;
Nanotech-Now: Nano cluster devices announces new nano-patterning technologies.

Cepetparvie ygemo: u xapma Hoeol 3enanduu ¢ nanomupe \I\_)

HayHeM ¢ OMMUCAHHUA TepBoil TexHoJorMH. Ee HOBM3HA COCTOMT B TOM,
4TO yueHble 13 Kuraitckoi akageMuMu HayK Hay€MJIMCh HAHOCHTH Ha MOBEp-
XHOCTH chepUIECKMX H KOHMYECKMX MUKDPOCTPYKTYP PAA NPaBUIILHEX hopM,
H3MEHSIS MEXaHWUYECKME HaNpsDKEHMA Ha [0oBepXHOCTH obpasua. Ionyuen-
Hble CTPYKTYPh! O6GNANa0T NPaBUIBHOW CHUMMETPHEH M MO PacloNOXeHHUIO
MOXOXM Ha CUMMETPHUYHBIE 00BLEKTHI, BeTpeyalolumecs B 6otanuke. Kak ro-
BOpAT YY€HBIE, STOT HOBbLI METOL MOXET MOMOYb B NMPOM3BOACTBE Makpo-
CKOMMYECKUX NMOBEPXHOCTEM C PETYASPHBIMHM TaTTEPHAMM PA3THYHON CHM-
METpUM Ha KX MOBEPXHOCTH.

MHUKPOCTPYKTYPBI, Ha KOTOPBIE YYEHbIE CYMENH HaHECTH CHMMETPHY-
HbIH Y30p M3 HaHOYACTHLI, COCTOSUIM K3 CepebpAHOM OCHOBBI, MOKPLITOH
Si0,. 3et-Xan Kao, rmasa vccaenoBarenen, NpeAIOXWI CAEaTh yXe roTo-
Bble MUKDPOCTPYKTYPHl ¢ HAHOYACTMLIAMM, WCIIApsisi HaHomnopowok Ag,0 H
SiO na cyGeTpaTe NONMMKPUCTAILTMYECKOTO candupa npu Temnepatype 1270 K.
B pesysnbTaTe 3TOrQ y YYEHbIX TIOAYYMANCH XUAKME Kanuu cepebpa, MoKphi~
Thie TOHKMM cJioeM Si0_. DTo u Oblay OCHOBBI 151 faIbHEHLLETO thopmupo-
BaHUSl TEKCTYPHPOBAHHLIX MUKXPOCTPYKTYP. [(OCTEMEHHO OXlaxnas Kamiu,
MCCNEnoBATEAN JOOMIHCH BO3HUKHOBEHUS HEPABHOMEPHBIX HAMPSDKEHUWI B
Marepyane, 4To TPUBEIO K (POPMUPOBAHMIO DErYJAPHbIX CHMMETPUYHbBIX
HAHOYaCTUL, HAXOASIUMXCA Ha MOBEPXHOCTH Kalliu. DTOT NOAXOH y4YeHhle
Ha3sBAIM «MHXKEHepHeH HampsokeHMit» (stress engeneering).

Ha noBepxHOCTH chHEPUYECKONR MUKPOACTPYKTYPEI chepybl (Tak HazBanu
necnenoBatesld 3TH HaHodacTuusl) obpa3zoBanu y3op, CBOAALMUHACA K OT-
JeTbHBIM TpeyrofibHUKam (puc. 1.5). ,

KoHeuHo, y30p COaepXHT HEKOTOPHIE Ae(eKTbl CUMMETPHU, BhI3BAHHbIE
chepuueckoit GopmMoii Karum. CHMMETPUS TAKOro POlA YACTO BCTpevaeTes
B pacTMTe/bHOM npupone. Hanpumep, LBeTH HEKOTOPHIX PACTCHUH, MMEIO-

Puc. 1.5. Y30p (narrepH) TpeyrojlbHUKaMu
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Puc. 1.6. CnupanesuaHble y30pbi

LIHe KpYyrTyio ¢opMy, COAEPXAT TPHUAHTYIAHHUOHHBIA y3op. Hanee yueHble
CAeaN PAd KOHUYECKUX MHUKPOCTPYKTYP [TOXOXHM METONOM U norpo6opa-
1 00pa3zoBaTh cepynbt Ha UX MOBEepXHOCTH. Tloayqrics pucyHoK o cnu-
paieBHAHDBIM y3opoM (pyc. 1.6), cknansipatolnmcs B pan Pudoxayun. Ha-
NpMMEP, Ha TIOBEPXHOCTH KOHyca AMaMmeTpoM 9,5 MKM PacmoflOoXuiRoch
92 cthepyirl, o6pazoBaB NocienoparensHocTs Pubonayyu Sx8. A 18-Muk-
POMETPOBBLA KOHYC, NMOKPLIThLA 230 cepyiamu, obpasosan yzop Pndonay-
yn 13x21. BT0T nocAeAHUH Y30P MOXHO BCTPETHUTh HA TOBEPXHOCTH KaKTyca
Mammilaria nejapensis.

«[TpoucxoxaeHUE FTMX Y30DOB B XHUBOW MPUPOAE YACTO BbI3bIBAET AKC-
yThl, — rooput Kao. — B Hawem ciryyae TOUHO M3BECTHO, XKakK 00pa3oBa-
JIACH 3TH y30PBl — HANPSOKEHHE Ra MOBEPXHOCTH PACTIPENESSETCS TaK, 4TO-
bl MHHUMH3UpPOBaTh 3HEPTHIO cTpecca. CKOpee BCEro, Te Xe€ 3aKOHBI
OeHCTBUTENBHEl MU B XUBOK MpUpoae. Y30pbl Ha LIBETax TECHO CBA3aHBI C
pacrpesiesIeHHeM 3Hepruu CTpecca, a He ¢ OMOXMMHYECKUMM WU TEeHCTH-
YeCKHMU (aKTOpaMM».

KoHeyHo, 3TH BbIBOLAbI UPE3BbMUANIHO LEHHEL A GOTAHMKOB, OIHAKO TEX-
HOJIOTHS HAHECEHMSA HA MUKDPOCTPYKTYPhE chepyst MOMOXeT B MUKPO3IEKTPO-
HUKE TIPU CO3NAHMM Pa3IMYHBIX TeTePOCTPYKTYP U APYFiX MONYITPOBOMHMKO-
BBIX YCTPOWCTB. Tak, Harpumep, MaTpulibl, chOPMUPOBaHHbIE cepyIaMy Ha
MOBEPXHOCTH «METANI-MOMYNPOBOAHUK», MOTYT HaiTH [IPUMEHEHHE B INEKT-
POHHMKe HAa MMOKKMX OCHOBax W MukpodoroHuke. «MoxHO gaxe cosmaBath ¢
NOMOUIBIO METAITHIECKUX c¢hepynl Ha MOAYNPOBOJHUKOBOI OCHOBE OTAENb-
HbIE MaTPHIIbl MOJYTIPOBOIHUKOBLIX NPHOOPOB, 3TO OYEHL LIEHHOE JOCTVIKE-
HHE U1 MUKPO- M HAHODJIEKTPOHUKM», — TOBOPHT B 3akioveHue Kao.

Tenepb pacckaxeMm O APYTOM WHHOBALIAOHHOM METOIE, pa3paboTaHHOM
B Hogoit 3enanauu kommanued Nano Cluster Devices Ltd (NCD). Kax

Cepebpanvie ysemu u kapma Hogoi 3epanduu 6 nanomupe 2\3)

rOBOPUT OAWNH U3 Hccenosatenell, Pexe Paitven, «Hawa HOBAg TEXHONOTHA
MO3BOAMT y6PATh ONUH MPOM3BOACTBEHHBIA MPOLECC, HEOOXOAMMbIH MWiA
MHKPO- ¥ HAHOJIMTOrpamy Npy MPOMIBOACTBE MUKPOINEKTPOHHBIX YHIIOB.

C noMoubio HOBOTO METOAa YYEHbIe MOIYT NPOU3BOAMTL ABYMEDHBIE
CTPYKTYpHI NicGO# TeoMeTpUM. B A10Ka3aTeNbCTBO 3TOTO OHU CAENANH KapTy
Hogoi 3enannuu pasmepamd B 1000 pa3 Menbile AMaMETPa HEIOBEYECKOTO
Bosoca (puc. 1.7). Kak ropopsT npeacTaBUTe/IH KOMNAHHH NCD, ee texHo-
JIOTHU HampaBaeHbl Ha TeXHONOTHH COOPKM U3 OTAENBHBIX KNACTEPOB HAHO-
METPOBBIX Pa3MeEpPOB MNOCKUX CTPYKTYP 3agaHHOW dopMbl.

2um
—~

Puc. 1.7. Mukpometposas Kapta Hopoit 3estananu

TexHOOrUs KIACTEPOB MO3BOJSET PEIUMTH €LE OHY NpobleMy, HacTo
BO3HMKAIOLLYIO B MUKPO3/IEKTPOHHKE. DT0 npobnema «3acopeHns Tpadape-
Ta», UCMOJbIYEMOrO B HAHOJNUTOTPaMH U MUKDPOIIEKTPOHUKE 118 NPOM3-
BOACTBA HAHOTIPOBOAHMKOB. «[IpeacTaBbTe cebe KPAaCKOMYJIbT, € MOMOUIBLIO
KOTOpOro yepe3 Tpadaper paboumi neslaeT pasTuyHbIE y30PLI. Co BpeMeHeM
COMUIO KPacKOMyJbTa 3aCopAETCsl KPACKOM W paclbUIAET yXe HE TaK TOYHO,
KaK 3To 6bUI0 BHA4YaNe, — ropopuT Pexe. — Myl ke st MPOU3BOACTBA HAHO-
CTPYKTYD TIONb3YEMCsT BMECTO KPACKH HAHOKIACTEPAMiA, KOTODBIS PaCTIbLis-
JOTCH B YCJOBUSAX, ITPEMATCTBYIOWIMX UX HANIUIIAHMIO K paboyeMy WHCTPY-
MEHTY. BOT 104eMY C TIOMOLULIO HAIWEH TEXHONOTUN MDbI MOXEM QQCTHIATE
BBICOKOM TOMHOCTP B ITPOM3BOACTBE ABYMEPHBIX CTPYKTYp. Taicke Mbl Ae/a-
€M OUEHb TOHKME M TIPSIMble HAHOIMPOBOJIHHUKM, KOTOPbIE APYTHMM METOMA-
M} CO3aThb BOOOUIE HEBO3MOXHO».

Panee xomradna NCD paspaborana MeTond [POM3BOACTBA HAHONMPOBOA-
HMKOB MYTEM CaMOOPraHM3alMy HaHOK/IacTepoB. COBMECTUB 3TOT METOA C
TEXHOJIOTHEH pacbUIEHHst, YIEHbIE TONYYHAM BOSMOXHOCTD IIPOM3BOAHTD
HAHOMPOBOAHUKM B GOIbLUMX KONWUECTBAX.
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HaHnonpoBoAHHKN — OAMH M3 KJIIOYEBBIX JIEMEHTOB B MMKDO3NEKTPO-
Huke. OHY COEAHHAIOT MEXAY COOOH OTAENbHBIE YACTH BHYTPH MHMKPOCXEM
W MPYMEHSIOTCA B HEKOTOPBIX THIIAX HaHOTpAH3KCTOpOB. floaTomy TexHo-
nornu, paspaboranHbie Komnanued NCD, oueHs BaXHbl 413 Oyayiuero pas-
BUTHS MMKPOIJIEKTPOHHUKH.

Kak MBI BUOMM, HAHOTEXHOMOTHU HE CTOAT HA MECTE, U C KaXAbIM IHEM
YHCHBIE COODWAIOT O HOBLIX METOAX NPOM3BOACTBA HABOCTPYKTYD, NPOLBU-
TasiCb MO Pa3MEPHOI LUKaNe BCE HUXKE M HUXE.

Yto 6yner, ecnu HagaBUTb Ha HAHOTPYOKy?'

KommaxTHpIe 1t cBepXObICTPbIe KOMIILIOTEPh], Iy/1eHeNpoGuBaemble QyTHONKY,
KOCMMHYECKME DT, podOoThl pazMepoM ¢ KAeTKY U MeHblIe — Bce 3T0 obe-
AT YENOBEUECTRY HAHOTEXHOJMOIUM, THe OyRyT WCIMONb3OBATHCS B Kade-
CTBE OCHOBHOIO Marepuana yriepofHbie HaHOTPYOKH.

Onnaxo BCe 3TH uyleca HEBO3MOXHEI Oe3 NPeNBapUTENbHBIX MCCAEA0BA-
HUP HaHOMWpA M HaHOOODBEKTOB. [103TOMY yUeHBIE CETOQHA COCPEAOTOUM-
JIUCh HA AETATEHOM M3YUEHHM CBOUCTB HAHOTPYOOK B HAHOPAa3MEPHOM [Ma-
na3oHe. HpyruMu choBaMd — 6€3 HayKM O HAHOPa3MEpPHOM AMarnasoHe He
OBUTO OLI ¥ HAHOTEXHOMOTUMA.

B HoBOM uccnenopaHum yueHwsie u3 Yuupepcurera [Jxopmkuu (CLLA) u
MX KOJIETH U3 UCCReNOBaTeNbCKOro uenTpa Yorcoda [BM ycranosmny, wro,
HECMOTPS HA ROBOJILHO DOJIBILYIO XECTKOCTDL YIIEPOAHBIX HAHOTPYBOK, ecian
X TAHYTH ¢ 000MX KOHLIOB, OHM AETKO AehOpPMHUPYIOTCA NPY HALABNHBAHMH
riocepearHe. Yem Conblle pajdyc HaAHOTPYOKH, TcM OOJIbllIe OHM poruba-
10Tca NOA HAJABRMUBAIOWNM 30HAOM. DTO BaXKHOC A1 HAHOMNEKTPOHHBIX
pa3paboToK 3aKkNOYeHUE NUCCAENOBaTENM ONMYDAMKOBAIM B MafCKOM BBIITYC-
Ke xypHana Physical Review Letters.

«Mbl yxe XOopoLUO 3HaeM, YTO B OCEBOM HAIpaBAeHMH HaHOTPYOKM upes-
BBIUANHO kecTkHe, ONHAKO Mbl HMKAK HE MOIJIY TIPOBEPUTD UX PaiajjbHYIO
KECTKOCTb M3-32 ManblX Pa3MepoB 3THX HaHOOOBEKTOB. Kak TONBKO Mbl
NbLITATUCE HaABUTh HA HAaHOTPYOKY 30HIOM, OHA COCKAIb3blBaia U OTONBU-
rajach B CTOpoHy. Ho reiieps Mbl BCe-TakM YCTAHOBWIM, YUTO B PaAHaNbHOM
HAIpaBJIEHUKM HaHOTPYOKHM NOBOJBLHO 21aCTHYHBI», — KOMMEHTHPYET DJn3a
Paino, npocteccop busnku uz Yuusepcurera Jdxopmxun (puc. 1.8).

UToOb! HafaBUTh HA HAHOTPYOKY, YUCHbBIE BOCTIONB30BATHCE 30H/I0M aTOM-
RHO-cHI0BOro mrkpockona {ACM) ¢ paauycom padoyeit yactu 35 HMm. Owy
MPOAENATM CEPUIO HAKMMOB Ha Hee C pa3HOH CHIOM IS TOrO, UTOOLl H3Me-
PUTL 3NACTUUHOCTH HAHOTPYOKM.

«Cepueil cnabuix HalaBIMBAHUH MBl CMOMIH HIMEDUTb PafHaNbHYIO
ANACTHYHOCTL ONHOCIONHOM M MHOTOCAONHON YIIEPOAHOH HAHOTPYOKU.

' The Georgia Institute of Technology: Like the Famous Doughboy, Nano-tubes Give
When Poked (http://www. gate-ch.edu/news-room/release.php’.’id =565).

Imo &ydem, ecau Hadaeums na Ranompybicy?

3o0Hp ACM

HanoTpy6xa

Puc. 1.8. Ucnonsays ACM, KCCReNoBaTeRM HANABHAY Ua CEPEIWHY Hauo-
TpYOKH, 4Tob6! y3HaTs, Kak OHa cebst mopener

Tarxke Mbl KCIEPUMEHTUPOBAIM C HAHOTPYOKaMM Da3HBIX DAOMYCOB M
YCTAHOBWIH, YTO HAHOTPYGKM MEHbILIEro paluyca HaMHOTO XeCTye B pa-
NMALHOM HanpaBJIeHWH, 4eMm Te Xe ¢ OONBIIMM paMycoMs, — CKalana
Paitno.

Onu3a Pailgo ¥ ee KONJIern Haudany CEpHio UCCIenOBaHMNH ¢ OLHOCTOH-
Holf HaHoTpyOxM paanycoM 0,2 HM ¥ NOTHXOHBKY AOOpAMCh IO HAHOTPY-
00K paanycoM 12 HM. Bcero yyeMnie M3MEpPWIH DAAUANbHYIO MACTHIHOCTD
39 HaHOTPYOOK. «3aTeM Mbl TOBTOPHIU TE XE M3MEPEHHS ¢ MHOIOCIOMHBI-
MM HaHoTpybGkaMn. Halwm MccnenoBanus 1OKasand, YTO MHOFOCIOHHbIE
HaHOTPYOKM ¢ MATBIM BHYTPEHHHM PAZMYCOM XECTUe, YeM TAKue Xe ¢ Bob-
WKMM BHYTPEHHUM paguycoMs, — rnpoaonxaer Paimo. OnHako Wist MHOIoO-
COMHBIX HaHOTPYBOK ¢ GOMBLIMMM pagrycaMy 3AacTUYHOCTb O0bekTa B
LEJIOM — MOCTOSAHHAS BEJMMUHA. JTO 3HAUUT, 4TO OCIa0NeHHE PASHATIbHOMN
KECTKOCTH HAHOTPYOKM NPOMCXOAMUT C YBETHYEHUEM XXECTKOCTH M3-3a OT-
JNENBHBIX CHOCR,

IMoHuMaHKe TOrO, NMOUEMY HAHOTPYOKH MMEIOT PalIHIHYIO XECTKOCTb
M3-33 PaaMyca ¥ YKC/Ia CJTOEB, a TAKXKE aHATU3 PAAMATLHON M 0CEBOM XKeCT-
KOCTH TIOMOTYT YY€HbIM B JajIbHEHLIIMX UCCACAOBAHUIX B 00J1aCTH HAHOTIPO-
BOAHMKOB M HAHONEKTPOHHBIX ycTpo#icTB. Kak HegasHO noka3zain Hcche-
aosarenn u3 KanndOpHHUIICKOTO yHHUBEpPCUTETA, TPaH3UCTOPHI Ha OCHOBE
HAHOTPYGOK MoryT paGoTarh ropaiio ObICTPEE OOBIYHBLIX MTOAYNPOBOAHNKO-
BbIX KJHOYEH.

HanbHeituas ueliv Paitno — uzMepeHue 31aCTUUHbBIX CBOHCTB HaHOTPYO-
KM C NMOCTOSAHHBIM BHELWHUM PanqMycOM M MIMEHRIOLIMMCH UMCIOM CIIOEB, K
Haobopor. Tax yyeHble Y3HAOT, KaK UMCIO U PaNMyC CNOEB BIMAIOT Ha 371a-
CTMYHOCTH HAHOTPYOKXH B LENOM.
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CeeTou3nyualolme HaHOTPYyOku
B Tenesusopax n aucnnesx’

VriepoHbiM HAHOTPYOKAM yXe HaiAeHO HEMano pa3HOOOpa3HbIX NpUME-
HEHHMi1, B TOM YMCJIE B KQUECTBE INEMEHTHON Ba3bt ANs OyXyLUMX HaHO3JEK-
TPOHHbIX CXeM, ORHAKO B KOMMaHHH Applied Nanotech nonaraloT, 4To MO-
YT MpPEAIOKMUTD ELIE ONHO — B TJIOCKOIKPAHHBIX TENEBHU30paX H AUCILICAX
HOBOTO TOKONEHUSA.

HanoMHUM, 4TO HAHOTPYOKM W3 yrjiepoda, WCHONb3yeMble B Ka4eCTse
NO/YNPOBOAHUKOBDIX MPHUOOPOB, ObLTH BrEpBbie OOHAPYXEHB! B naGopaTo-
pru NEC, KOTOpO¥ TIPUHALIEXAT (PABa HA KOMMEPYECKOE MCIIOIL30BAHNE
STHX TeXHOIOTMI M KOTOpas cOBMpAETcs BHITLYCTUTDL MEPBbLA MM Ha HAHO-
Tpybxax k 2010 1.

HanoTpy6KH, KaK GbUIO OTKPBITO B KOHLE 1990-X IT., NpOABIAOT cebs
KaK MPOBOAHMKM Wi KaK NOAYNPOBOAHWKK B 38BUCMMOCTH OT OPUEHTALINH
WECTAYTONBHUKOB, COCTOSIMX U3 aTOMOB YTNIEPOAa, OTHOCUTENHHO Hanpali—
NieHUsi OCH HAHOTPYOKHM (XMpPajJbHOCTH), & TAIOKE OT PAIAMUHbLIX NpHMeEceH,
BXOISHEUAX B COCTaB HAHOTPYOKw.

PaHee CO3AaRHbIE MUKPOCKOIMUUECKHE TBEPAOTEbHbIE UITYHaiOLME Ha-
HOTPYOKM 2JEKTPUUECKH YIIPABILLTUCH «MOIYNATOPOM» H3 omoﬁ-euuncwe;u—
Holl MoJekyinbl, HoBbIE CBETOM3NYYAIUUE HAHOTPYOKH (light-emitting
nanotube, LEN) (prc. 1.9) HamyualoT B AManasoHe 1,5 MKM, 9TO B NEpCIiex-
TUBE HeflaeT NMOTEHIMANLHO BO3IMOXHBLIM CO3A&HHME ONTMYECKHX KOMMYHM-
KALIMOHHBIX 3MEMEHTOB Ha KPEeMHMEBBIX NOMIOXKAX C WHTEIPUPOBAHHLIMN
LEN-uany4aTe MU TaMeTpoM Beero |4 HM.

ONEKRTPOHLI
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Prc. 1.9. TpyHwAn paGoThl CBETOMITYYAIOLIMX HAHOTPYGOK

' EE Tiraes; [XBT: CseTouamyqaioline YIICPOAHBIE HAHOTPYOKH.

Kucme u3 nanompybox \\)

B renesusopax HoBoro noxoneHus Applied Nanotech npeanaraeT yc-
MOJIb30BATL HAHOTPYOKU B KAYECTBE UCTOUHHMKOB CBeTa, UTOGBI 3aMEHHTH
JAMNBl TTOACBETKN B XUAKOKPHCTANIMYECKUX TENEBU30pax BONbWON an-
aronanu (40—60 nroiimos). [IpHueM KOMNaHHS HAAEETCS 3TO CHENATb K
2007 r., T.e. BCETO YEPE3 YeThIpe Irofja Moche TOr0, KAK CBETOM3NYUAIOLIHE
HaHOTPYOGKH ObUIM BIEPBbIE CO3NAHBI.

Kak coobuaet ucrouHuk, Applied Nanotech, spnswiasca no4yep-
Hell dupMoit Nano-Proprietary, co3nana JaMny NOACBETKH, UCITONb3YA
TEXHONOTWY Te4aT YepHUIAMHM Ha OCHOBE HAHOTPYO6OK. B oTanumne ot
OOBIYHBIX NlamIl, B HOBOM pa3paboTKe HCNONb3YIOTCS (ochopoconep-
XallWe MOKpHITUA W KaTold, B OYKBaJbHOM CMBbICNE HareyaTaHHbIA
YepHHNaMM Ha OCHOBE METANHYECKON KpACKM M COOCTBEHHO HaHO-
TPyOOK.

CebecTouMOCTh CO3NaHHBIX TaKMM 00pa3oM naMm MOJCBETKH OYEHb
HeRbICOKA (B OTJMYME, CKAXEM, OT KaTOAOB, B KOTOPBIX HAHOTPYOKH 6bi
BLIPALIMBAJIUCE), UTO OUEHDb BaXXHO IAS OE3yMHO JAOPOTMX Ha CeroAHsll-
HUIl geHb GONbINX AKCINCEB.

YTBepxaaeTcs, UTo cO3JaHHAs N0 HOBOM TEXHOJOFMM JlaMna 11OACBET-
KM Jns 32-m0iMOBBIX TeaeBH3opoB norpedaser ot S0 no 60 BT. Applied
Nanotech mpoaeMOHCTPHPOBAna NOJAPOOHOCTH CBOEH TEXHONOIHM HA BbIC-
taske NanoEurope 2005 B Illseitiapuu.

CToMT Takxe OTMCTUTB, YTO Kpome Applied Nanotech BoamoxHocTAMH
MPUMEHECHMS TEXHONOTMIt HAHOTPYDOK B MCITICSX B KAYECTBE HCTOUHMKOB
CBETa TAKXE MHTEPECYIOTCA M TakWE MPOM3BOAMTENM, KaK, HanpHMep,
Samsung.

Kucts U3 HaHOTPYOOK'

Ha cerogHsIUHMAA feHb y4yeHble ROBONBHO MHOTrO Y3HalM O CBOMCTBAX
HAHOTPYGOK. TIpuuino BpeMs COCTABAATL M3 HUX CIOXHbIE KOHCTPYK-
uny ¥ HaHocHceTeMmbl. OAHAKO MepBYIO 6OMEE-MEHEES CIOXHYIO CTPYKTY-
pY, U3rOTOBJEHHYIO M3 HAHOTPYDOK, MOXHO CMENO Ha3BaTh «HAHOBEHU-
xom», Ilpodeccop [Manukens ApxanH (00 3TOM yyeHOM, paboTalOLIEM B
obnacTu uccheAOBaHUS CBONMCTB HAaHOTPYOOK, MBI yXe IUCANM) M €ro
Koanerv U3 T1oANTEXHUYECKOro WHCTUTYTa B Hblo-ﬁlopke CO37a M ca-
MYIO MaleHbKYIO B MHPE LETKY, IHETHHKMA KOTOPOH — HE YTO MHOE, KakK
OTACAbHbIE HAHOTPYOKM. JduaMeTp Kax 1o HanoTpyOoku 30 HM, T.e. Kax-
,Ilblﬁ BOAQOC LUETKWU B ThICAYY C JIMIIHUM pa3l TOHbIUE YEJIOBEYECKOTO
BQJIOCA.

Hccnenopateny He cobupann BEHUK «TNO BOJOCKY», 2 BbIPACTUIK HAHO-
TPYOKM MPsAMO HA PYUKE UIETKU. A uTOOBI BCA pyyka He 00pocna BOPCOM K3

' BBC NEWS: Brush Up Your Nanotechnology (http://news.bbc.co.Uk/2/hi/science/
nature/408524.stm).
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HaHOTPYOOK, yueHble NOKPLIK €6 MecTaMUu TOHYaKW WM clloeM 3onoTa. Ha-
HOTPYOKY OHM BbIPALUMBAIM, WCITONb3YST OOLIYHEIA METOL CUMHTE3A HAHOTPY-
00K, COCTOSILLIMIT B TOM, YTO B aTMocepe ropsvero ra3a, cogepXaliuero yr-
JIepOd, HAa HUTAX YIIEPOAHCTOFrO CUIMLMAA TMPOHUCXOAMT POCT ITHUX
Haﬂi(zg(pﬁk(%iqnue LLETKH, 3TO AOCTUXCHHE HAHOTEXHONOIUH MMeEeT He-
CKOJILKO CMOCOBOB JIDUMEHEHMA: WMH MOXHO «NOAMETaTb» HAHOMbUIbL
(puc. 1.10) na cBepxmuyuaTiopHbix HBMC- 1 MOMC-ycrpoiicTBax, ok-
paIIUBaTL MUKPOCTPYKTYPH W YNANATh 3arpsi3HUTENW M3 BOARI. Takke
KHCTBIO MOXHO [POYMIIATE TOHKHE KallMAapbl TIOA0OHO TOMY, KaK Mbl
YUCTHUM OYTBUIKU epuinKoM. TToaToMy HAHOKUCTL, IO MHEHUIO M300peTa-
Tenel, OyneT BocTpeboBaHA MeaMKaMM — OHW CMOTYT MCITO/Jb30BaTh €€ B
OyayweM Isi «[IPOYMCTKH» COCYIOB M YAANEHUS aTepOCKIIEPOTHYECKUX

Onsiex.
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Puc. 1.10. Uletka u3 HaHOTPYGOK B AEHCTBUM

Kax roopuT AnXasiH, 3Ta LULETKA — OAHO M3 IEPBbIX T'MOKMX HAHOYCT-
POMCTB. DTO CBOMCTBO OYEHE IMOJE3HO B HAHOMMpE, TaK KaKk MHOTHE ML:KPO-
W HAHOOOBEKTBI MMEIOT CIOKHYIO FEOMETPUIO, & F'MOKNIt MHCTPYMEHT ¢ 60Mb-
NIMM YMCJIOM CTeneHeH ¢cBoOOIbl CMOXET NPOHBHKHYTH AAKE B caMble TPYI-
HONOCTYIIHBIC MECTa.

Kak roBopAT wccnenopartenu, HieTka MpOBOANT BICKTPUYECTBO. DTOTO U
CTOWIO OXWIATh, BeAb YIIIEPOJHbEIE HAHOTPYOKU caMM no cebe XOPOLWO Npo-
BOAAT 3JIEKTPHYECTBO. |

HccnenoBatenu naxe nombiTANUCh CHENATh 3YOHYK «HAHOIUETKY»!
OnuH M3 HUccaenoBaTeaei MpeanosaraeT, YTo TaKWe WEeTKU OYIyT Ino-
AI€3HY MDY HAHECCHWM YNLTPATOHKUX MOKPBITMHA Ha TPYAHOAOCTYIHbIC
mMecta. C X NOMOILUBIO MOXHO OyfieT gaxe OTAaBIUBATb OTAENbLHbBIC BH-
pychl U OakTepuU, NpPeABapUTENbHO TIOKPLIB YCTPOHCTBO crieuudpuUycc-

KHUMH aHTHTE/IaMU.

Harnompybru dns monaugnsix snemenmos

HaHoTpyGkn ana TonnueHbIX aneMeHTOR'

YHUKABHBIE CBOHCTBA YiepoaHsix 1MaHoTPy6oK (YHT) ¥ HaHOBOMOKOH
(YHB) — Bbicokas YAEALHAS MOBEPXHOCTD, AEKTPOIIPOBOAHOCTL, YIpOY-
HOCTb ™ MO3BOAIOT CO3ABATE HA WX OCHOBC SPDEKTHBHBIC HOCHTENN KATa-
JIN3ATOPOB V1S PA3MMYHBIX [TPOUECCOB. HEYINRUTENbHO, YTO STH HOBbIE yrie-
POJIHBIE HAHOMATEPHANbI BBI3BATH GOJBIIOR MHTEpEC Y Pa3paboTYMKOB
TOTLIMBHbIX 31eMeHTOB (T3) (monausnsie snemenmeo: (fuel cells) — xumuueckue
UCIMOUHUKU MOKA, JORYCKAOUUe ORUMEAbHYIO HEnpepuIeHylo padomy 6aazedapa
ROCIOARHOMY 100800y ik aaexmpodam ycudkux uan 2a3006pasnbix peazenmos
(monnueo nodaemcs K 0domy anexmpody, a oxucaumens, 06N Kucaopoa, —
Opyzomy). Hauboree nepcnexmuensis monausom aeagemes 600opod; ¢ marx Ha-
SbIGACMOLX NPAMBIX MEMAHOALHBIX IMONAUGHBIX ANCMEHINGX UCnoas3yemes mema-
HON) U IHEPIOYCTAHOBOK HA WX OCHOBE — B T9 UCITONb3YIOTCS BIICKTPOKATA-
U3aTOPMI (METAUTBI JIATHHOBOM YPYTINDI) MMEHHO Ha YUIEPORHBIX HOCKHTENX.
B nocnennee Bpemst Gonbluce BHUMaHME YACASIOT TOTUTUBHEBIM 3JIEMEHTAM C
TBEPABIM MosMMepHBIM anexTpomutom (TI13). B Pocoun mx YCITEWHBIE MC-
crenosanus u paspaborku semyres B PHL «Kypuatopekuii MHCTUTYT» 1 He-
KOTOPBIX APYTUX OpraHu3alMsx. B kauecrBe HocuTeneil KATaNM3aTopoB ceii-
Hac, Kax NpaBwio, UCIOMb3YIOT CAKy WM TeXHHYECKUH yriiepon. HemasHue
OKCTIEPUMCHTBI [IOKA3ATH, 9TO 3aMEHA MX Ha YIiIepOHbIC HAHOTPYOKM Wil
HAHOBOMIOKHA NO3BOASET [NOBLICHTL AKTHBHOCTE MMEKTPOKATATUIATOPOB M 3(h-
(bEKTMBHOCTb PabOThl TOIUTMBHBIX 31EMEHTOR ¢ TIID.

Tak, xuraiickue uccnenosatenm CUHTE3UPOBANU KaTaJMU34TOD M3 HaHOYA-
ety ratvHel Ha YHT (10 Bec. % Pt) u Mcnoms3osay ero b KaYyecTBe KaTol-
HOTO 3IEKTPOKATANM3IATOPA A NPSMBIX METAHONLHBIX TOMIKBHBIX B6-
MEHTOB BMECTO OOBLITHOTO KATAIM3ATOPA HA YIAEepoae mapxu XC-72. IIpoge-
MOHCTPHUPOBAHA BbICOKAS AKTUBHOCTb BOCCTAHOBACHMS KUCIopoga M Gosee
addexTunHan pabora TI. Poccuiickye yyensle (PXTY um. I.U. Menpenee-
Ba) pa3paboTarm SJIEKTPOKATATU3aTOPbl Ha ochose YHT u YHB (8 ToMm yucne
B BUIE «HaHOOYMATU») ¢ HAHECEHHbIMH HaHovYacTHLamu Pt y Pd .

MlceneoBanust BBUABIIIA 3aBUCUMOCTS SNCKTPOXUMUMECKIX XapaKTepH-
CTUK OT paimepos U Mopdonoruu YHT u YHB (puc. 1.11), kotopuie, B
CBOIO O4epellb, ONMPENL/IIOTCS pasMepami, hopMoit pacnpeaenexHuemM ya-
CTHLL KaTa/in3aTopa, a TAKKe yCROBUAMY CHHTe3a. [IIa co3matus adexrys-
HOIO HOCMTENS KATANH3ATOPOB 1A TOMAKBHRIX 31eMeHToB ¢ TI1D aBTOpL!
CUHTCIUPOBANN U HCCALNOBANHN YIJEPONHbIE HAHOTPYGKM M HAHOBOAOKHA
PasHbIX pasmepos U mopponorun (YHT anamerpom 25 u 15 HM; CKDYUEH-
Heie YHB amnamerpom 40, 65 n 100 am; npaMble YHB auamerpom 70 HM).
B akcneprmenTe venons3osanu Meton TEPMHUECKOro KaTanutuyeckoro CVD
(MCTOuHMK yTTepoga — AUETHNIEH; xaTanudatopnl Ni-MgO, noaydeHHbie
MEXAHOXMMMUECKNM TyTeM).

' Hosoctu narorexnonoruit. Xyprar HMCT. 2005. Ne 6,
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Puc. 1.11. YHT # YHB, cuHTC3IHpOBaHHble TIpU Pa3HbIX TCMIIEPATYpax Ha
KaTanusarope, 06paboTAHIIOM MCXAHOXMMMWYECKUM METOAOM B Te-
yenune 360 Muu: A — 500°C; B — 600°C; C — 650°C; D — 700°C [6]

OcHOBHBIE (hAaKTOPBI, BIMAIOLLME HA pa3Mepsl U Mmopdonormio YHT u
YHB, — mMTeNbHOCTL MeXaHOXUMHUUECKOH 00paboTKH KaTann3aropa 1 TeM-
neparypa CVD. Cpegnue auamerpsl YHT u YHB — 25—100 am, anameTpnt
ckpyqennblx YHB — 635, 40 v 10 uM. [Tocne oyncTkd M XMMHYECKOT0 BOCCTa~
HOBAEHMS [UIATHHDBI NMosydeHHbIe obpasust 20% Pt/YHT wan Pd/YHB uaHo-
CHJIM B KaueCTBE KaTAJUTUUECKOro cliosi Ha razonuddysvoHHbIi cioit/noa-
NOXKY NEKTPOIOB. MeMOpaHOo-31eKTPOAH bl OJI0K CO3IaH U3 ABYX EKTPOLOB
¢ noAuMepHoH anekTposmTIieckoi MeMGpanoit (Nafion 1035) Mexay HUMM,

BonbraMnepHble XapaKTepHCTHKH TOIUIMBHBIX 3JIEMEHTOB € JICKTpOAa-
MU M3 lecTH pasueix Tunos Pt/YHT u Pd/YHB nonyuenst npu 800°C u
AapneHun 9,8-10* Ia. Jlyuywwme peaynvrare! noaydeHn a1 YHT u YHB ¢
MEHbLUMMH AuaMeTpaMu (cM. Tab:1.). MHTepecHo, uTo Hanbonee acpdexTun-
HbIMM OKazajmch cKpyueHHble YHB (BO3MOXHO, HepoBHas TOBEPXHOCTh
CKPYY€HHbIX HAHOBOJOKOH MAaJIOTO pa3mepa CMOCOOGCTBYCT PABHOMEDHOMY
pacripeaeneH1io yacTui Pr).

Tabnuua
Tun 3anemeHTa Anamerp, HM Hanpsaxenne, mB
(npu nnorHocTu roka 500 mMA /cm?)
CkpyueHHbie YHB 65 645
YHT 25 609
fNpsambie YHB 70 532

AXTHBHOCTb H ONTWMHU3M 3BTOPOB BCEASTIOT HALCXKIY — YXKE 8 OIMXKaM-
weM OyayuieM yrieponHble HaHOTPYOKM W HAHOBOJIOKHA HAYHYT padoTaTh B
PEANBHBIX TOTUIMBHEIX JIEMEHTAX.

Hanocmpykmypur no wiabnony

HaHnocTpykTypb! no wadnony’

Hcenenosarenu us [MonuTexnuueckoro HRCTUTYTA PeHceneepa cozmany ke-
pamMuueckue 1wabloHbl, Ha KOTOPLIX yAan0Ch BBIDACTUTE BETBAWIMECS Ha-
HOTPYOKM C paHee 3agaHHOMN KOH(Urypaumeit oTseTBReHuil. Mpy sTOM Ha-
HOTPYOKHU MOTYT BETBUTHCH NCPAPXUYECKM, CO3AaBasd HECKOIBbKO pa3-
BETBISHIOLLIMXCA NYYKOB. YUEHbIM yaanoch BBIDACTHTL TaKUM 0OpaszoMm He
TOJILKO HAaHOTPYOKHM, HO W MeTajinyeckue HaHOMpPOBOOHUKKA. B KauecTse
OCHOBBI W17 WabI0OHA MCCAENOBATENN MCTIONB30BAIM TOLTOXKY M3 aHOIM-
POBAHHOIO OKCUAa aOMMHKS (puc. 1.12). «Haue VTIDABACHHUE pOCTOM U
BETBICHMEM HAHOTPYGOK OYEBMAHO. JIOCTATOYHO B3rasHyTh Ha CTM-doro-
rpagun, — rosoput Ianukens AIXasH, OIMH U3 UcclenoBaTeneil, — Mop-
donorua nonyyeHHbIx HaHOTPYBOK cxoxa ¢ Mopdonorueit DEHAPOMEDOB
NO3TOMY TPYAHO NMPEACTABHTH, YTO CUMTE3 3TOrO HaHOAepesa npomomcn’
10 3a4aHHON 3apanee nporpammes.

Puc. 1.12. [abrouw 1 nomyuen-
HBIE HAHOCHCTEMDbI Hd OCHOBE Ha-
HOTPYGOK

AnxasH, 'yoseH MeHr u nx KOJUICTH CAEAANY NMOLNOXKHM U3 ATIOMMH IS
MCTOIOM aHOIMPOBANMS, B rpouecce KOTOPOTO OHM M3MEHSIW HarpsDke-
hue. [pyrvie ucenenosateny cosmam yrayGAeHHsA Ha NOANOXKe B ﬁnﬂe CHM-
Bosia Y, elue pa3 uamMeHup HANpsDkeHne aHonuposauusa. Iponenas 3Ty ore-
pauunwo 4 pasa, yyeHble NoNy Yunu MaccHus BBITPABJIEHHDBIX Hd MOAJIOXKeE
Y-serok. TIpu 3T0M yyerbim YAAJI0Ch MONYYUTL 10 16 pa3BeTBIEHUI Ha MaT-
pHue-noanoxxe. KombuHupys paspersieuus u npocrteie Y-yriaybnenus
KOMarJia Moyduna Maccy pasIMuHbIX Pa3BeTRANIOLAXCS «1abnoHoB» pa3~,
MED KOTODbIX HCYHCIHETCS! HeCATKAMMU HAHOMETPOB. )

! Narotechweb. Nanostructures branch out with ;
anicleyynema/t /s oy ith templates ( http.//www.nanotechweb.org/
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Jns 1010 YTOOK! [IPUBA3ATL YIIEPOAHEIC HAHOCTPYKTYDbI K 9THM wiabmo-
HaM, YYEHDbIC CUHTE3UPOBAIM UX HEMOCPELCTBEHHO B yonybaeHusax, Mposeis
peaxuyio NpoaM3a aleTWIeHa. 3areM ydeHble YAANWAM CIIOA OKCHAa aimio-
MWUHUA TIYTEM TpaBjieHMsi, OTKPbIB MOJAY4CHHBIC YTNEPOMIHbIE HAHOTPYOKM
pazinuHO¥ (GopMsl. B APYroM 3KCICpUMEHTE MeHr M KOJUIEIH BbIpacTHIN
BHYTPM TNOIOKKI-MATPHLILl HAHOTIPOBOAH VKA u3 nukenst. «Tak Kak Mol
pa3paboTany OGwWMii npyUHLMT NpONU3BONCTBA HAHOCTPYKTYD MO OrnpexeNer-
HOMY WAGIOHY, TO TENEPh CTAHET JIErKO M3roTaRNMBATh METALIMUECKHE, 110~
JTYNIPOBOJAHUKOBBIE, MOJUMEPHbIE, YIAEPOAHBIC HaHOCUCTEMBl», — TOBOPHUT
AmxasaH. Takxe UCCIef0BATEN YBEPEHDL, 1TO CMOTYT CO3IlaTh FeTepOCTPYK-
TYpbl pauTUYHO! (OPMBl HA OCHOBE HaHotpy6ok. I1pH 2rOM Takas HaHOCH-
cTeMa MOXeT COCTOATh M3 TPEX U BoJiee KOMIIOHEHTOB. «KoHeuHo, OnHa U3
0BaCcTel TIPAKTUYECKOro NMPpUMEHEHWA HaLLero OTKDBITHS COCTOUT B CO3Ja-
HUM MWKPO2EKTPOHHBIX CXEM Ha OCHOBE HOBbIX FE€TEPOCTPYKTYP. D10 M
CEHCOPbI, ACTEKTUPYIOLUME OTAENBHLIC MOIEKYITH, ¥ HaHOTIPOBOAHNKH, 00eC-
MEYUBAIOLILME TTEpEHOC CHTHAMA OT HAHO- K MUKpoMacLuTady, ¥ KaK {1 CTpaH-
HO, CUCTEMbI JOCTABKM NEKAPCTB, — 3AKIMOYAeT Amxassd., — Ho 6e3ycnoBHO
HOMMMO 3TOrO Halle OTKPHITHE TMO3BOSMT CO3MAaBaTh 3apaHee CNpOeKIUpo-
BaHHBIE HaHOCTPYKTYpbI CO CHOXHOM apXuTeXTypol. D10 oueHb BAXHO AJI3
PA3BUTHS HAHOTEXHOJIOTUH U HaHOMHCTPYMEHTapus».

Barapeiiky or Toshiba MOXHO 3apaauTh
3a 60 cexyHA'

Komnanus Toshiba paspaborana NATUEBO-WOHHYIO faTapelo Ha OCHOBE Ht‘l-
HOMATEPHAIOB, KOTOpas 3apsKacTCcsa NPUMEPHO B 60 pa3 6picTpee OOBIYHOHU.
33 OHY MMHYTY €€ MOXHO 3aflpaBHTE Ha 80%, a moaHas eMKOCTb aKKyMy-
nsitopa (y nepsoro obpasua oHa 6suia papya 600 MA-Y) 3anoJIHACTCS Yeped

HeckOIBKO MUHYT (puc. 1.13).

Puc. 1.13. Hanobarapeiika
(3,8%62x35 MM)

' New battery offers unsurpassed recharge performance and high energy density
(hutp://www.toshiba.co.jp/ about/ press/ 2005_03/ pr2901.hum).

Bamapeiixa na ocnoge «nanompagers om mPhase Technologies

Kak coobuiaeT KOMTIaHys, HOBbIA aKKyMYJIATOP obianaeT psaoM OpYTHX
TIDCUMYILECTB FIEPEN PACMpOCTPAaHEHHBIMA aKKYMYASTOPHBIMK GatapesaMu
(B TOM YHCHIE JUTUCBO-VMOHHBIMU).

Cozparhb Havobarpeliky ymanocs Onarojaps HOBOH TEXHOJOIHMH, OCHO-
BAHHOM HAa MCIIONb3OBAHMM HAHOYACTULL, HAXOASILIUXCH B COCTABE MAaTEPUA-
JIa OTpULIATENIBHOrO ieKTpoaa Oarapey. [Ipu 3apsake GaTaped HaHOYACTH-
1bl OBICTPO COOHPAIOT U XPAHAT MOHBI JINTHUA.

TIpekpacHble MOKasaTeNnd BPEMEHW 3apAIKM OaTaped — HE EXUHCTBEH-
HOE IOCTOMHCTBO npoTtoruna. HaHobarapest OydeT cayxuTh Aoablie: 3a 1000
LIMKITOB 3apana-pa3paga oHa TepseT Bcero 1% cBoeil eMKoOcTH. Taxoke oHa
MOXeT paloTaTb Ha CWIbHOM MOpo3e: IIpy TemiepaTtype —40°C eMKocTh 0a-
Tapen cocrasnseT 80% (npy +25°C ouna pasna 100%).

OnbiTHBIA 06pazeu nMeer pasmephl 3,8x62x35 MM H NpeaHa3HavaeTcs, B
TIEPBYIO O4Yepenb ISt OLITOBON IEKTPOHWUKM U MOOMJIBHBIX NMEKTPOHHEIX
ycrpoficTB. OnHako pavnyto TexHosjordio Toshiba Hamepena pacrnipocrpa-
HWATb U Ha ApYrue o61acTy, HATIpUMEP TUOPUIHBIC ABTOMOGKITH.

Ha priHKe ckopocTHas GaTapeiika mosBuTca B 2006 T

Barapeiika Ha OCHOBe «HAHOTpaBbl» OT
mPhase Technologies’

Komnanus mPhase Technologies B corpyanuwaectse ¢ Bell Labs u HayyHo-
MccnenoBaTeibcKM nogapazneneHuem Lucent Technologies cosnana 6ara-
pPelo, OCHOBAHHYIO Ha JOCTWKEHMSX HaHoTexHonoruu. Kirouesble npeumy-
LLECTBA HOBOrO MCTOYHHKA TNMHTAHHS — BO3MOXHOCTb WHTErPALHUMA B
[IONYNPOBOAHKKOBHE M3AEAUS U GONBUION CPOK XPAHEHMS.

Bo MHOTHX ycTpoitcTBax HeOOXOAMM pE3ePBHBII HCTOYHUK nuTaHus. Kak
W3BeCTHO, 0OBMHBIE GaTapeu TepstoT oKoo 10% eMKOCTH 33 OAMH rog Xpa-
HEHHA, TIO3TOMY B TAKMX CRy4yasiX 4acTO HCMOJb3YIOT Garaper, B KOTOPBIX
XUMUYECKME Marepnuanbl 00beAUHAIOTCA B HYXHBI MOMEHT MeXaHUYECKNM
CrocoBoM. ITH U3LENHA MOTYT XPAHUTLCH AOCTATOYHO TOJTO, OHH HAIEXKHBI
W MOryT obecrieudTb OOMBIIYIO IUTOTHOCTL 3HEepruu. K coxaneHuio, rakue
Garapeu TPYXHO caenath MuuuariopabiMu. Kpome roro, mpouecc Ux npous-
BOJICTBA CIMIUIKOM OTIHYAETCs OT NMPOLIECCOB MPOU3BOACTBA NORYIIPOBOAHM -
KOBBIX KOMJIOMEHTORB, 1 0atapen He MOTYT Oblrb BCTPOEHBl HETOCPEACTBEH-
HO B MHKpocxeMbl. Elle ogHWUM OrpaHdyeHueM CcyluecTByloluux Oatapeil
ABJIAETCS] NOTPEOHOCTL B MEXAHMYCGCKOM YCWIMK MU AKTHBAUMM, BCNEl-
CTBHE 4ero nepexofl B pabouee COCTOAHHME 3aHUMAET NOBOJBHO MHOTO Bpe-
Menu. HeoGXoAMMOCTy HMETh pe3epByap ANST JMEKTPO/IMTa U MEXaHU3M aK-
THBALMHK YMEHBLUIAET MoNe3Hbld 06BEM BHYTPH HUCTOYHMKA [UTaHUA.

B ocHoBe pa0oThbl KaK HOBOM, TaK M CYILLECTBYIOLUMX 6atapeit NexXuT xumMu-
yeckaa peakuns. HaHoTexHonoruy oGecneuyuBal0T YHUKATBHLIA crIocob co-

! IXBT: mPhase Technologies nmpeacrapsiseT HaHoGarapeitky (http://www.ixbt.com/
news/hard/index.shtrml? newsl 18268id).
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Prc. 1.14. «<HaHoTpaBa» W 3JIEKTPOJUT — OCHOBHBIE COCTABJSIIOLUKE Ha-
HoGaTapeiku

EJMHEHWST XMMHYECKUX KOMITOHEHTOB M YNpPaBICHWMS! NapaMeTpaMH DeakLin.
Ha puc. 1.14 nokasan npumep TpyGuaToi HaHOCTPYKTYDbI, TaK Ha3biBaEMOM
«HAHOTPaBbl». 113 Hee diopMupyetcs ceepxruapodobHas HaHOCTPYKTYPHPOBaH-
Bas nosepxHocTsb («Superhydrophobic NanoStructured Surface»), Han xoTopoit
pa3sMellaeTC Kaneabka aNeKTposiMTa. Kanesbka HaxomuTes Hal TPYGOUKaMH,
He B3aUMOJEHCTBYS ¢ HUMU. B HYXHBUT MOMEHT €€ MOXHO 3aCTaBUTh YNacrTs B
NPOCTPAHCTBO TOYHO MeEXAy TpyGoukamu, MOMEHTATBHO YBENWYUB THIOIIANE
TIOBEPXHOCTH, HA KOTOPOR JEKTPOJMT B3auMOIEHCTBYET ¢ MaTepyaioM bara-
pey, BbI3BIBASI JNEKTPUYecKit TOK. [lanerne KANETbKM MOXHO BbI3BATL pas-
HBEIMHU CTTOCO0AMU, HAITPUMED MMITYABCOM HANDAKEHMST WM pafvoOU3ITYyYeHNA.

HoBas TeXHONOTMST 3HAYUTENBHO YBEJIHYMBAET CPOK XpaHeHMA Oarapen —
10 1520 neT. K ApYTHM NpeuMyIIecTBaM OTHOCHTCH BbICOKas CKOPOCTE aKTy-
BALMM HTEMCHTA IMUTAHUSA W BLIXOA HA MOJHYIO MOIIHOCTb, COBMECTHMOCTb C
TEXHOJIOTUYECKUMH TPOLECCAMM MPOU3BOACTBA IOAYIPOBOAHUKOB, BbICOKAA
IUIOTHOCTb BHEepruu. barapes jierko rongaeTcss MUHHATIOPU3ALMK ¥ MOXET ObITh
M3TOTOBJIEHA M3 MaTepHaoB 1uKMpokoro crekrpa. Kpome Toro, Kak obewlaior
pa3paboTUMKK, HOBMHKA DYAET OUeHb AelIeBOi NMPH MAacCOBOM FNPOU3BOACTEE.
Ipyrumu ciaosamy, noTeHuuan Garaper mPhase B caMbiX pa3HooOpa3Hbix 06-
JIACTAX NPUMEHEHUA, BKITIOYAS KOCMMYECKYIO M ODODOHHYIO OTpaciy, ObITO-
BYIO ¥ TIPOMBUIUIEHHYIO IEKTPOHUKY, CPEACTBA CMACEHUA W 3APaBOOXpaHe-
HuUA, orpomeH. 1o Kpaiiteit Mepe, TaK CYMTAIOT AHATHTHKN U3 KOMNIaHUK Frost
& Sullivan Research, mpucsouBilie NPOEKTY MPECTHXHYIO Harpaly.

[To oueHke pa3paGOTMHKOB, Ha BbIXOA KOMMEPUYECKOTO NPOJYKTa NOHa-
AOOUTCS TIONTOpa-1Ba roaa.

CoszpaHa npo3pavyHas HaHOTKaHb
C NMPO4YHOCTbLIO cTrann’

HanoTpy6xu, noxoxe, cTaHOBATCS! OTKpubITHEM Ne1 B 06acTH HAHOTEXHO-
nJoruil. Ase pazxiuuHble KomaHasl uccaexosareaeid u3 CLUIA u AscTpamum
CO3JaJIM TIPO3PAYHYIO TKAHb, COCTOSAILYIO M3 HAHOTPYOOK miuHOH 1 (1) M u
ILMPHHOM 5 cM. PaHee ydyeHbIM yaaBaloch IMTOJYYHTh HaHOTPYOKM ATMHOM
TOJNILKO HECKOJBbKO CAHTHMETPOB.

' Nanotechweb.org: Carbon-nanotube fabric measures up.

Co30ana npo3pauHas HAHOMKAKL ¢ NPOYHOCIBIO CIMANU 3\5\)

Kak # oxunanocek, aeHTa odnagaer BLICOKOM
NpOYHOCTbI0. COOTHOWEHHUE IPOYHOCTh/MACCa
MaTepuaia JIEHThl BBILLE, YEM Y CTaM BbICOKOM
3axanky. [1pyu 310M TKaHb BO3MOXHO 06OpyaoBaTh
OPraHUUYECKUMU CBETOAWONAMH, TNPEBPaTUB ¢ B
rubKit ceepxTBepabiit OLED-3xpaH. 910 noxoxe
HE Ha «PSIaoBOE» OTKPBITHE, a Ha Hay4HyIO (haHTa-
CTUKy. TeM He MeHee 3TO TaK. JIaBHO U3BECTHO,
UTO HAHOTPYOKM TIO [TPOYHOCTU NPEBOCXOAAT CTAND
¥ [IPA 3TOM CMOCOOHDBI NMPOBOMMTH INEKTPHUUECTBO.
Bes 3areo3aka cocTosiia B TOM, 4TO JIO CHX TIOp UX
HE MOIY [TPOM3BOAKTL ANMHHEE 2 CM U Tem GoJtee
HE MOITIM NPACTb W3 HWUX TKaHb.

«H4aHOTKaHb 0XMAAET Macca NMpPUMEHEHUH:
CTPOUTENBHBIE MATEPUATEI, CHAPAXEHHWE, OPOHe-
xunetsl, OLED-mucrinen; BCero U He nepeymc-
mTh... — rosopur Pajl Boxman ua Texacckoro
yHuBepcuTeTa. — TO, 4TO 3T0 OYeHb LEHHBIH U
BOCTpeOYEMBIA NPOIYKT, YCKOPUT €ro KOMMEp-
LIMANN3alHIo, U, 51 YBEPEH, Mbl YBHAUM YXE CKO~
PO B Pa3/IMYHbIX NPOAYKTaX MCIMOJNb30BAHHE Ha-
HOTEKCTWIS».

Hanotkanp (puc. 1.15) — 3T0, KOHEYHO, He
MaCCHB «UEAbHbIX» HAHOTPYOOK, a KOMIIO3MT,
COCTOSILMA M3 MEPEIUIeTeHHOro «jieca» MHOro-
CHOHHBIX HAHOTPYOOK MIMHONA 245 MKM MW aua-
Puc. 1.15. HaHoTkane U3 yerpom 10 HM. O6pa3ewl TakMX CIyTaHHbIX Ha-
HAHOTPYGOK. DMBTEMA CHIL- 1y 60K AIMHOM BCero | CM MOXET «passep-
3y [OKa3p/BaeT Npo3pay-

HOCTH TKAHK HYTbCA» B TPEXMETPOBYIO JNIEHTY |8-MuKpomer-
poBoit TonwMHbl. ECIM Xe KCMONb30BATh rulac-
THKOBBIHA LM/IMHIP B KAUeCTBE BalKA, MO KOTOPOMY [POTATUBAETCA JIEHTA,
TO KCXORHKIA MaTepHal MOXXHO pacKaTaTh B0 A€CATUMETPOBOMH MHHbL. O60-
DPYAOBAHME YUEHBIX ODECTIEUMBAIO «Pa3BOpaYMBaHME» Jeca 10 | M/MMH.

B pesyakTare nepBoro Ipixja NPOH3BOACTBA Y YYERLIX MOSYIWICH aHU-
30TPOMHBI a3porens Ha OCHOBE HaHOTPYBok ¢ muorHocTwio 0,0015 r/cm’.
3TOT JIUCT BHIAEPXHBAA MUIUTMMETPOBLIE KaIulH, KoTopsle 6bu1u B SO 000 pas
TIXKETee MeCTa KOHTAKTa ¢ asporefem.

Ho yvesnie penninu caenarb HaHOTKAHL Bojiee NPOYHON. J1ns 3TOro oHu
DOMECTWIH THIEHKY M3 HAHOTPYOOK HA FIIOCKOCTh M BEPTHKAIBHO TNMOIrpy3u-
JIH ee B pacTBop 3TaHona. [Ipy TOM norpyxeHue BelOCh B HANpPABIEHHU
COEOMHEHNsT HaHOTPYyOoK mexay coboit. [{oce Toro xak rUieHKY BhITallM-
JIM, MCMIAPEHHE 3TAHOMA BBI3BATO COKpAlleHHe TONLIMHBL MEHKHA A0 50 HM
13-3a 3(eKTOB NOBEPXHOCTHOrO HATsLKeHUA. [IpH 3TOM INOTHOCTD [LIEH-
v crana pasHa 0,5 r/cm’.
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YcuneHHas HaHOIUIEHKA M €CTh KOHEYHbIM NMpoaykT. OHa npo3pauda u
NPOBOAUT EKTPUUECTBO. Boonb HanpaBneHys HaHOTPYDOK CONPOTHBAE-
HHe TKaHH cocTaBaaeT 700 Om/m2 [lpu 3TOM CONMPOTUBIEHME OCTAETCSI M0~
CTOSSHHbIM NIpHU M3rn0e MAeHKM B JIIOOOM HarpaBIeHWI.

Kax roBopsiT yueHble, HAHOTKAHL MOXET WUCIONB30BATLCA HAXE B CHUCTE-
Max OCBEILEHMS, 3aMEHSSI TPALMUMOHHLIE faMIlbl AHSBHOIO CBETa W JIaM-
nouky. IlpoyHocts ruieHky — 160 MIla/(r/cm®). TMpouHocTs NOAMMEPHBIX
MAEHOK Mainap M XanToK, MCTIONb3YIOMMWXCS B CBEPXJIETKUX cCaMoJieTax, —
140 MTlla/(r/cM%), a MpOYHOCTL 3aKaneHHON cTann — 125 MIIa/(r/cM3).

HoBblit METOA TPOU3BOACTBA HAHOTPYOOK, Ha3BaAHHbBIA TEXHOJOTHEH «pa3-
BEPTKH», MMEET PAA TIPEMMYLIECTB Mepeld XMMHUECKUM CMHTE30M HaHO-
CTPYKTYP, Tak KaK [0 CHX TOp YAaBanoCk NOAYYMUTb HaHOTPYOKM MIMHOM
TOABKO 2—3 caHTUMeTpa.

BoamoxHo, Grarogaps 3TOMY OTKPLITHIO 3a7YCK KOMMEPYECKOIO KOC-
muueckoro audra B 2018 r. MOXET-Takn COCTOATHCS. HanoMuWM, uro oc-
HOBHA$l COCTaBJIAIOLIAS KOCMMYECKOTO JM(DTA, TPAHCIIOPTHPYIOLICIO TPY3IBI
Ha OpOUTY 3eMud M ropa3do Janblie, — CBEPXMPOYHAS W Jerkas JeHTa Ha
OCHOBE HaHOTPyOOK.

HaHonokpbitne NanoMATRIX ana opexabl’

fAnoHckast koMnanus Toray Industries 3asBunia, 4TO OHA €O30anMa HOBYIO
TEXHOAOTHIO 00paboOTKM TKAHEH, KOTOpas MO3BOMAET HAHOCHTb HA KaXKILIH
MOHOMUAAMEHT TKAHM OMpENEReHHBIH HaHOMaTepual. Kak 3agBUIIO pyKo-
BOACTBO KOMMAaHWH, 3TOT NPOPLIB B NPorn3BOACTBe OLUT JOCTUTHYT Gnaroaa-
P HOBBIM AOCTUXEHWSIM B 0ONACTH CAMOCBOPKYU HAHOCTPYKTYP.

Hopgas Texronorua o6padoTky Tkanen «NanoMATRIX» no3sonser HaHo-
CHTh Ha MOHOGMUIaMEHTbI 06padaTbiBagMOlt TKAHW MOKPBITHE TONMIMHOMN OT 10

Puc. 1.16. CTM-un3obpaxerHe . HAHOTIO-
KpreItHa «NanoMATRIX» oTACHbHBIX MO-
HothHNaMeHTOB NONH3CTEPa

' HoBocTu HaHoTexHonorui. XKypuan HMCT. 2005. Ne 2.

Harnomexnonozuu évixodam ra xopm \—>

1o 30 um (prc. 1.16). Takoe nomHoe nokpeitre (HruTaMeHTOB TKAHW Ha Cero-
IHALLHKUI deHb ObL10 LOCTHHb HERO3MOXHO, YTBEpXIaeT pykoponcTso. Cospe-
MEHHbBIE TEKCTMIILHBIE TEXHOIOTHH MTO3BOJISLIOT HAHOCHTD MOKPLITHE B NPOCTPaH-
CTBO MEXJy MOHOMWIAMEHTaMH My B YHaCTKAX Nepeceyetyisl BOJIOKOH TKAHM.

Texwonorus «NanoMATRIX» crana Bo3MOoXHOH 6aronaps HAHOTEXHH -
yeckoit camocHopke. HMccnenosateny M3MEHSUIA OKPYXAIOLUME YCAOBUA (TEM-
nepaTypy, JABNCHUE, NEKTPUYECKOE TTOJIE W T.A.) UL TOTO, YTOOB! MOJEKY~
bl MaTeprana, KOTOPblA HEOOXOMWMMO HaHEeCTHM Ha TKaHb, obpasosaiu
MTOKPLITHE 1A TOJLU3CTEPOBBIX MOHOMMWIAMEHTAX.

Ilpy 0OpaboTKe TKAHHU € ITOMOIIBIO HOBOH TEXHOMOTWH OTAENBHbLIE MO-
HOMMNAMEHThI HE TIOBPEXIAIOTCS M TEKCTypa TKAHM HE M3MEHSIETCS.

Kax rosopat cneunannctsl U3 Toray Industries, HOBasi TeXHONMOTMSA He
MO3BOJUT PACTArMBATECS BELUAM, M3roTOBJIEHHBIM M3 0BpaboTaHHON TKaHM.
Taicke MOXHO OYIET W3TOTOBUThL BOROOTTAKMBAKOLME U AHTUCTATUHECKUE
TKAHW Ha OCHOBE YK€ WCIIONb3YIOLIMXCS MATEPUATOB (XTONKA, OJU3CTEPA).

HaHoTexHonorum BbIXoAAT Ha KopT'

B koHue aBrycra, Koroa AyqWHH TEHHU-
cuct mupa Poxe Pegepep BRIRAET Ha KOPT
U.S.0pen, y Hero GyaeT pakeTKa, CHabXeH-
Hasi HaHoyacTMUaMmy, Giaronaps KOTOPbIM
OHA TIPH COXPAaHEHWM CBOEH Macchl CTAHET
npoyyee. PakeTka AHape Araccu Opu co-
NPUKOCHOBEHHM C MAYOM OyseT «1puHu-
MaTb ero (opmMys, 4TO CjIerKa YCWJIMBAET
KOHTPOJAb BO BPEMS MIPBbL.

Ho npon3soauTen 3THX PaKkeTOX Ae-
NAKOT TEXHONOTHIO AOCTYTIIHOM M AN TeX,
KTO WIP2eT B TEHHHMC Ha gocyre. PHUpMbL
Head, Prince, Babolat, Wilson u Fischer,
UCTIONb3YIOILIKME HAHOTEXHONOIMM, CHabXa-
10T pakeTky (puc. 1.17) MArHUTHOM CHIIOH,
a3PONMHAMHYCCKHUMU W APYTHMMU CBOHCTBA-
MU, KOTOpbIE TIO3BOJSIIOT UIPOKAM YBETH-
YUTh MOWb ¥ TOYHOCThL yOapa.

Asctpuiickaa ¢dupma Fischer GmbH,
M3IBECTHBIA NPOMIBOAUTENL JBDKHOIO CHa-
pSDKEHHNS, B CCHTSIOPE NIPeACTaBUT BbICOKO-
Puc. 1.17. Cepmio HaHopakeTok o1 T¢XHOJIOMMHYHYIO PAKETKY, 061aaa10LY¥0
bupMbl Babolat MoXHO KynuTs B MarHWTHbiMM CBOiicTBamH. Paketka, rony-
Poceun yupluas Hazsanue Magnetic Speed, ocHa-

! Pittsburgh Post-Gazette: Nanotechnology hits the tennis court; nepeson: [nopressa:
HaHOTeXHONOrHM BBHIXOAAT HA KOPT.
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WEHA OAHONOMSPHbLIMM MArHMTAM¥, YCTAHOBICHHBIMH Ha ofGoge. MarHuTsl
OTTAIKMBAIOTCSL APYT OT APYTA, UTO [TO3BOJISICT DAKETKE COXpaHaTL GopMy noce
CTONKHOBEHMS ¢ MA4OoM. Mlaes B TOM, 4TO BbICTPOE BOCCTAHOBACHHME YBEAH-
YMBAET CKOPOCTb NONETA Msva. Y100kl MATHUTBE 3apSDKATUCE, B PYUKe paker-
KV YCTAHOBJEHHl MBE3Q3NEXTPUUECKME KPUCTAMIbI. PaKeTKa CTOUMOCTBIO
189 poswn. CHIA nosiBUTCA B Mpoiaxe HbIHELIHEH oceHbio. B EBporie et yxe
MTONIB3YIOTCS TAKUE CIIOPTCMEHR!, Kak AHapeit [Tasen u Bepa 3BoHapesa.

HoBble pakeTKi TPU3BaHbI BBI3BATH HOBBIA [MPUCTYTT MHTepeca y ynoGuTe-
Jieit. TIpoaaxy TEeHHUCHOTO CHAapSDKEHHA B NOCHENHME TO4bI BHIPOCIH, HO OHU
HIDKE, YeM AecaTwieTde Hazad. [1o paHHBIM Accoumaumu TEHHMCHOR MHAYCT-
pHH, B 2004 r. KoMIIaHUK NPOJATA OKONO 3,9 MAH pakeTok. 310 Gonbuwle, 4em
3,0 muH B 2003 1. 1 3,3 Myt — B 2002-M, HO MeHblue, dem 4.4 Mt B 1992 1.

«Texxonormuecke HOBILECTBA 3aCTaBAAIOT MOTPEGUTEACH MOKYNATL HO-
BBlE MOJEr», — roBopuT Mapk MeRcoH, Bhanenen cneLnanu3npoBaHHOro
maraznHa Mason’s Tennis Ha ManxartreHe, KOTOPBIW NpoaaeT MOUTH 2 THIC.
paxeTok B rog. [103ToMy KOMNAHHUM U MYADPST ¢ OpMaMU M MaTepHaIamy.
PakeTka Flexpoint rosnannckoit komnanum Head NV, kortopyio npeanoven
AraccH, cHabXeHa OTBEPCTHMAMU U «BNagwHaMM» Ha 06enx cTopoHax obona.
KoMnaHus yTBep)XAaeT, 4TO BMAIMHBI YBEAHYMBAIOT TMOKOCTH M pakeTKa
npuHrMaeT hopMy Msua.

Komnanus paspaboTana AeBATbL MOAENCH A1 HTPOKOB pasHOIO YPOBHS.
Paxerka crout okoso 200 gon. YactHas komnanus Prince Sports Inc. u3
Hreio-/Ixepcr uaMeHwta opMy oTBepcTUlt auis ¢TpyHd. Ha cMeny kpoluey-
HbIM KPYTJIBIM OTBEPCTUAM NPHULLIN KPYTIHBIC OBAIbHBIE, MTO AEIAET CTPYy-
HbI OoNee UyTKMMU. KOMIaHNs YTREPXKAALT, HTO YBEJMYMBAETCS TAKXKE A3DO-
IUHAMMUHOCTL Y UIPOKY Jierve I0ChbUIaTh PaKeTKOM MY,

Co3znanel yeTsipe Moaenn ctonuMocThio ot 220 1o 300 aonn. MiMu urparor
apreHTHHUB! T'masepmo Kopust 1 [laona Cyapec. KoMnaHuM MeHsIOT He
TOJIBKO AM3aitH, HO ¥ MaTepuansl. DpaHIy3cKHH MponsBoanTens Babolat B
2003 r. nayan ¢ TOro, YTO BMOHTHPOBAT B CBOU PAKETKM YIJIEPOAHbIE HAHO-
TpyOku. Tpybkn B 10 pas rioTHee rpadMTOBBIX M CNYXAT OUE€Nb 4oAro. Pa-
KEeTKa KaXeTcsl Oojee XEeCcTKOM, 4To yBemMYMBaeT cuily yoapa. CTOMMOCTB
pakeTok s mobutenedt — 199 nonn.

Kpynneimnia 8 CLIA npoM3BoauTesh PakeTOK, YMKATCKAS KOMNAHUS
Wilson Sporting Goods Inc. Hayana cHabxatb cBou pakeTku nCode — Be1GOD
denepepa — KPUCTALIaMK ABYOKMCM KPEMHMS npouioit secHoi. Mmu ur-
patoT CepeHa u BuHyc Yunbamc.

3Be3dbl TEIKUCA HE BCErfa OXOTHO OepyTcsi 33 BbICOKOTEXHOMOTUYHLIE
pakeTkH. Ho coraamteHusi Mexuy NnpoOU3BOARTENAMU ¥ npodeccHoHanaMu
HEPENKO MOAPA3YMEBAIOT, YTO M3BECTHBIE WIPOKHM BOOpYXKaTCcAd HOBEWILUMMU
TEXHOJIOTHAMM.

[1paBuna TeHHMca pa3peiualoT IONb30OBATBCH MHOXECTBOM BapHAHTOB
paxkeTok. MexayHapoxHas TeHHUcHas (efepallys He 3aHUMAETCA OMEHKOM
PaKeTOX, OHa JIMLIb TIPOBEPAET MX Ha MPeAMET COOTBETCTBMS NPaBiaM, KOraa

Haromamepuanst 4acmuuHe nopaxcawm nesKue 3\9)

¢ Tako# npocyOoil 00palaloTes MPON3BOAMTEIM WK KOTa NOCTYNatoT Xa-
J06b] Ha TO, YTO NPaBUAE HAPYLIEHEL

Bce YCKOPAIOWMEACS TCMIT W3MEHEHMH WIITIOCTPUpYET TOT GakT, uTo
MexayHapoaHast TeHHHCHAs (elepallds MeHsJIa NpaBWia, KacawoliMecs
pakeToK, 14 pa3z ¢ 1978 r., koraa oHW BriepBble OLUIM 00MCYEHBI B CIOBA.
W noxoxe, 9To B GmyXaililee BpeMa 3Ta TEHACHUMA HE 3aMELTHTCA.

HaHnomaTrepuanbl 4aCTU4HO NOpaXaloT nerkuve’

HanoMartepuannl — cerogHawH1e HGaBoOpUTHl HHIYCTPHU — BbIABACHDL! B HO-
MEHKIATYPE BbIMYCKAEMbIX M3AEHMHA OT KOCMETHKM A0 IMEKTPOHHKM. TeM
HE MeHee HOBOS WCCNENOBAHME HA KMBOTHBIX [OKa3alo, 4YTO, MOMAB 11pH
AbIXaHMK B JETKME, 9T MUKpocKonudeckue cdepol (dyinepessl) M yrie-
POMHbIE HAHOTPYOKU MOCYT ¢TaTh MPUUMHON 6onbwHX npobnemM, 0cobGeHHO
1S paDOYHX, M3TOTABIUBAIOILMX MX M MAHMAYIUPYIOWINX UMU.

BDTO 3asBAEHHE TTOCTYAHIO CO BeTpedy OBLIEeCTBa 10 TOKCHKANOTHH, Npo-
xomupiueit B Hbio-Opneane. OcoBEHHO OLUEIOMUAM COOOLIEHMS, PACKpbl-
BalOLME JETANH TOT0, KAK HAHOMATEPMAAhl B3aMMOLEHCTBYIOT C OpraHm3-
MOM 4esioBeka. BOTBIIMHCTBO UCCnenoBanmuit doxkycHpoBanoch Ha adbdexrax
BO3IEHCTBUSA HA JIETKUE, TOTOMY YTO Pa3MEp 4acrull MO3BONAeT UM JOCTH-
raTh UX Haubosee YyBCTBUTENbHLIX TKAHEH.

John T. James u3 NASA Johnson Space Center s XbtocTOHE U €ro KoJjuie-
T'd BAPBICKUBAAH HAHOYACTHLbL B AbIXaTeAbHbIC fIYTH MBILUEH M UCCEHOBa-
M MX Jepes HeAe o, a 3aTeM 4depes 3 Mecsiua. HeemoTps Ha To wto dyane-
PEHBl HE BbI3LIBAM [TOBPEXASHMIT, PABHOE [TO MACCE KOMHYECTBO YIIIEPOMHbIX
HAHOTPYDOK TPUYHHIIO0 3HAYWTENBHOE TIOBPEXICHUE JETKHM U [JAXE BbI3-
BANO CMEPTH HECKOJbKHUX MMBOTHBIX.

BoaneicTBue HAHOWACTWIL W HAHOTPYOOK HA TKAHM XXKWUBOTHOIO BMAHO Ha
OMHOM M3 PUCYHKOB: KIETKU MMMYHHO# CHCTEMbl, Ha3biBaEMbIe Makpogaramu,
3aXBATHIBAIOT HAHOTPYOKH, HO 3ateM rorubaior (puc. 1.18). Ha puc. BuaHO, Kak
BOCITIEHNME TIOCTETIEHHO [IEPEXOANT B PYOLIEBaHME TKAHM JEIKUX (TaK HasbIBae-
MasE [PAHYJIEMa J1eTKMX) [IpM BO3GEHCTBMM Ha TKAHb PACTBOPA HAHOTPYOOK.

d)yrmepenﬁ

Puc. 1.18. Pa3putde Bocnanenust TKaHEH NerkiuX OT BOZACHCTBUS Ha HWX pa-
CTBOpa (PYLIEPEHOB U HAaHOTPYOOK

! Exposure to minute particles harms lungs, circulatory system
(http://www sciencenews.org/articles/20050319/fob ) .asp).



@ Inasa 1. Hanomamepuans:

JIkeMMC OMMHCHIBAET 103y, KOTOPYK HMCMOAbL30BAIA €ro Ipynna, Kaxk 3a-
BbilleHHYO. OH [ojaraeT, 4To IpH Tekyllel deaepanbHoit HopMe TIAK
(npenenbHO AOMYCTHMOM KOHLEHTpalMM) IUTSL BABIXaeMOIo yriepoaa (He
CTPYXTYPHPOBAHHOIO B BUIE HAaHOMATEpPUaNoB) paboyuMe MOIYT MOJYYUTh
SKBUBANIEHTHYIO 403y 3a 17 nHEeH.

Hcenenosarenn Bo riase ¢ Petia Simeonova u3 Natjonal Institute of
Occupational Safety and Health in Morgantown g 3arantoi BupmoxkuHuu
TaKcKe HAORIOHANM HACLILIEHHBIE HAHOUACTULAMK TPAHYAEMbl B TKAHSX I10-
TOTIBITHBIX MbILIEH, MONYUHBIIMX CXOXHE N03bI YTIEPOAHBIX TPYOOK.

HccnenoBaTend Takske OLEHHMBANIH TIOBPEXACHHE MUTOXOHAPHUANBHON
JAHK B TkaHsax cepniia ¥ aopTel. MHUTOXOHIPHUANBHOE MMOBPEXIEHHE [IPel-
BElllaeT Hayano aTepockieposa. OMbITH Ha MbIIIAX, MOABEPTIIMXCS BO3~
AeHCTBHIO HAHOTPYHOK, NMPOAEMOHCTPUPOBATKM 3HAUMTENbHOE MOBpeXIC-
vue AHK, xoTopoe mpoaonxanioch IO MeHblLIed Mepe 6 MeCAUEB.
Simeonova 3asBM/a, YTO NPOU3OUIO CYLUECTBEHHOE TIOBPEXAEHME TKaA-
Held — a 2T0 ewe oaMH (akTOp PMCKa [Uld aTepockiepo3a — B Cepalle,
30pTE M JETKMX XHBOTHBIX.

Ha cobparnmn Akinori Shimada u3 Tottori University (SInonus) npeacta-
BUIT IEPBYIO CEPUIO CHUMKOR, U300PaXAIOUINX HAHOYACTHLAL, TIONANAIOLLNE
M3 IErKux B Kposb. KOHTAKTUPYA B TEUEHUE MHHYTH C KArWILISIPAMA J(bIXd-
TeTBbHbIX NYTeH TKAHEH JErKMX MbillKW, YIEPORHbBIE HAHOUACTHLIL! HAYMHA-
JOT NOCTYMATE YEPE3 MEXKIETOYHOE TTPOCTPAHCTBO B KAIMWILASP. TaM oTpu-
LATENbHO 3aPsXKEHHbIE HAHOYACTHIL] YIABAMBAKOTCS KPACHLIMH KPOBAHBIMU
KJIETKAMH, KOTOPBIE B OPraHM3Me MMEIOT TIOIOXWTeNbHbIN 3apsad. Eciu 310
TIPUCOEIMHEHWE BbI3OBET CMEHY 3HAKA 3apsifla Ha [10BEPXHOCTH KJIETKH KpPO-
BH, TIpearnonaraeT Shimada, 3To MOXeT CTUMYJIMPOBaTh CKOIUIEHKMe U obpa-
3yeTcs TpoMo.

Hcenenosarenn n3 University of Rochester (N.Y.) coobiimnam of yse-
JUYEHUU YYBCTBUTEIBHOCTH CBEPTHIBAEMOCTH KPOBM Y KPOJMKOB, KOTO-
Phle BOBIXAHM YrIEeponHble dyanepernl, KoMaHaa noBpexaala KPOBEHOC-
HbIE COCYIb) YXa XMBOTHBIX AA3CPOM M 3aTeM M3MEpPsLIa Bpemsi 00pasoBanus
Tpomba.

UMHUTHDYS 3arps3HEHNC BO3AYXd B FOPOAC, MCCICAOBATEIN HABAMH KPO-
JINKaM BO3AYX, codepxauluit 70 mMk/m® dyinepeHoB, B TeueHHe 3 4acoB.
B 5TOM pexume BpeMsl CBEPTEIBAHUS COCTABWIIO MEHbLIE MOJAOBHMHLI OT Bpe-
MEHH HCTbITAHMA, TIPOBEACHHOIO ABYMS AHSIMU DAHEE, IPU KOTOPOM XH-
BOTHBIE ABILUATH YUCTBIM BO3AYXOM. DPheKT NpoaBAsLICs BCKOPE MTOCAE BO3-
neicteust, coobuaet Alison Elder.

MHorue ucciaeaoBareny, AONYCKAIOWMUe TIOTCHUHANBHYIO ONaCHOCTh Ha-
HOYACTM U, YKasblBald, YTO HA IIPOM3BOLCTBAX YaCTO MCII10/b3YIOTCH MHOIO-
YUCAECHHBIC TOKCHHBI M ONACHLIC BEILIECTBA. «DTN HUCCACI0BaAHMA OYCHb BaXK-
HbI, — CKas3al Ha 3acegaHynu Anthony Seaton, noveTHbli npogeccop University
of Aberdeen (Ilotnanous). — ByneT saMeuaTesbHO, €C/IH NPOMBILLIEHHOCTL
coxpaHuT KAK HM3KKUM».

rNMABA 2

HAHOJ3JIEKTPOHUKA

HaHoTpyOGka B ponu TpaHaucTopa'

Oka3plBaeTcs, LS TOrO YTOOBL CAEaTh TPAHIUCTOP HA OCHOBE HAHOTPYOOK,
YKE HE HYXKHO NPUJIAraTh AOMOJHUTEIBHBIX YCWIMI — AeNaTh MEXIY HUMH
NoJUMEPHBIE nepexodbl W T.11. Kak ycraHoewiu yuenble w3 Kanudopruiic-
koro ynusepcureta UCSD p yHuBepcuteTa Kiemcona, Y-obpasnas HaHOT-
pYOKa ITONIHOCTBIO BBINOAHAET QYHKUMM TPaH3UCTOpa, obafas Mmpu 3Tom
fonee BBICOKHMM OBIcTponeiicTBreM (puc. 2.1).
B cratbe, koTOpas onybsiv-
MCTOK o KOBaHa B CeHTAGPLCKOM BbITTYC-
Ke xXypuana Nature Materials, a
cefyac A0CTylIHA OH-JaliH, uc-
3aTBRO p o——-| CJIEHOBATEN M OHUCHIBAKOT Y-Ha-
HOTPYOKH, KOTOPBIE, ITO UX MHe-
HHMIO, MOIYyT 3aMEHMUTL COBpE-
CTOK & mMeHHble MQII (MeTa/ul-oKCHI-
MOJIYNIPOBOJAHNKOBLIE)-TPAH3N -
CTOPhl H TOCHYXUTb OCHOBOH
HOBOM 3sneMeHTHOW 6aspt. Te-
Meph ¢CThb PAa3BETBIEHHLIX Ha-
HOTpYOOK CMOXET 3aMEHHTh
SJIEKTPOHHDLIA YU LIEJIMKOM.
«Briepebie BblpallleHHAas! Ha-
HOTPYOKA CTAHOBMUTCSI HAHO-
TpaH3HCTOpOM €3 Kakoi-nubo nanpHeleH o6paboTku, — rosoput IMpabxa-
kap banaapy, npodeccop uz UCSD. — Mcnonb3oBanye 3THX HAHOCTDYKTYD B
COBPEMEHHON SEKTPOHMKE MO3BOJLMT CYIIECTBEHHO YMEHBILHTDL PasMepbl U
YCKOPUTh TIPOM3BOAMTENBHOCTh KOMIBIOTEPHBIX YMMOB W APYTHX NEKTPOH-
HBIX YCTPOWCTB, paboTAIUX HA MOJYTIPOBOTHUKOBLIX TPAH3HCTOPAX».
GricTpoe pazBUTUE MUKPOINEKTPOHMKHN B KOHUE XX B. 00YCIOBIEHO B
IepPBYIO Oyepelb IMMOCTENMEHHLIM YMEHBUISHUEM pa3MepoB TPaH3UCTODPOB,
KOTOpPBIE CTAIH 0a30BBIM OIOKOM [TOUTH BCEX GBLITOBLIX M IIPOMBILLIEHHBIX
yerpoiicTs. OOHaKO B KOHNE TEKYILETO AECATWIETUA OYACT NOCTMIHYT Mpe-
261 MUHHATIOpH3aUuK TpausuctopoB. [lo cioram creumanvcros Intel, ua-

A

Puc. 2.1. Cxema Y-TpaH3ucTOpa

! HopocTu HanotexHonorywit. XKypras HMCT. 2005, Ne 1.



@ Inaeéa 2. Hanosnexmporuka

FOTORJIEHME TPAn3UCTOpa pasMepoM meHee 00 HM CONpPAXEHO ¢ 6OJIBIIAMHU
tpyasocTamu, Kak rosopur bannapy, 6raronaps CBOICTBAM HAHOTPYOKH €€
MOXHO MCI0Ab30BaTh B KAYECTBE OCHOBR] AIA HOBOTO KJ1acCa TPaH3NCTOPOB
¥ IpyFuX [OYTIPOBOIHMKOBBXX NpUGOPOS.

st Toro 4ToObl CO30aTh HAHOTPYOKY B ¢opme OyxBrl Y, yueHbie paspa-
DOTAM HOBYXO TEXHOJIOTWIO BBIpaLINBAHMA. Cuauana 6u1a BeipaltieHa obbiv-
Has «npsiMasi» HAHOTPYOKa, 3aTeM Ha € OBEPXAOCTb HAHECHH CneLyanbtio
06paboTaHHbIe HAHOYACTHLLI THTAHA, KOTOPLIE BHICTYNIWIM B PO KaTasn-
3aTOpPOB POCTA €ule ONHOM BETBM Ha MOBEPXHOCTH yXE cpopMUpPOBAHHOH
HaHOTPYOKH.

Koraa Y-TpaH3ucTop 6bUl rOTOB, WCCIEA0BATENN MIYIHIH €ro 3/eK-
Tpuyeckue cBoiicTBa. Kak mokasanu pe3yibTaThl M3MEPEHUI BOJbTAM-
NIEPHBIX XapaKTEPUCTHK HAHOCUCTEMbI, MOC/E NPUKIANbBAHWA HAMPA-
KEHHS HA «CTBOJ» HAHOTPYOKU NPOTEKAHME 3JEKTPOHOB OT OIHOI BETBU
K JApYroi NpexpaluaeTca. DTO XapaKTepHas 0c0BEHHOCTb TPAH3UCTOP-
HbIX KI0YEH: TPH [ONAUEe HATTPSKEHMS Ha 3aTBOP TOK MEXAY HCTOKOM
W CTOKOM He TpoTekaer. M HaoGopoT: KaK TOABKO YYCHDLIE MPHIIOXIIH
[TONOXUTEALHBIH MOTEHLIMAN K «CTBONY» HAHOTPAaH3MCTOPA, NPOTEKAHME
TOKA Yepe3 «BCTBW» BO3OGHOBUAOCH, «TO, UTO OAHA, XOTH ¥ PAa3BETBICH-
Has, HAHOTPYOKA BHITIONHAET QYHKLUMHM TPAHIMCTOPA, — YXE gonsllOe
nocTikenue. MAKTUYECKM Mbl CO3JANM HAMMEHDBILINH B MUPE paboToc-
N0cOGHBIi HAHOTPAH3NUCTOP, — roBopuT bapaapy. — EC/IM HaM yaacTes
pa3pa6oTaTh TPOCTYIO U 3QDEXTUBHYIO TEXHONOTHIO CHHTE3A Y -HaHOT-
paH3UCTOPOR, TO MbI NPUIEM K €lle ONHOH PEBOMOLUMU, TOILKO yXe B
HaHO3JIEKTPOHHKE».

ViccnenosaTeli TUIAHVMPYIOT NPOBECTH PAN IKCNEPHMEHTOB ¢ HAHOTPAH-
3MCTOPOM M HCTIONB30BaTH PAlTWUHble BAAbl HAHOYACTHU [ULA BBIPALLUIBA-
HUSA HAHOCTPYKTYpP C APYFUMM
SNEXTPUYECKUMHM CBOHCTBAMH
Y-tiepexona (puc. 2.2).

ECAu y4ecTh TO, YTO TEXHO-
JIOTMU CO3MaHUS Pa3BETBACHHDIX
HAHOCTPYKTYP Ha OCHOBE HAHO-
TpYOOK yXe pa3paboTatbl, TO CO-
3naHKUE TAKOTO HAHOTPaH3aHCTO-
pa MOXET NoMOYb B [POU3-
BOACTBE YHTIOB, COCTOSIILMX M3
OAHOH CNOXHON CEeTM HaHOTPY-
o 6ok. HeipoceTessie nonobus,
c(hOpMHPOBaHHblE HAHOTPYOKa-
MH, YXe& JOBONBHO XOpOLIO 13-
BECTHBI YYEHBIM, 2 MX JIEPEBOA
; Ha JNEKTPOHHYIO Hasy ¢ yueToM
Puc. 2.2. HellpoceteBost 4t ¢ Y-riepexomamyt  CBOWCTB Y-coenmHeHUH HE Bbi-

Komnarnus Infineon cozdana camoii manenokuli @ Mupe Mpan3ucmop

30BeT TpyAHOCTelH. Tak, 2AEKTPOHUKE Oyayliero 6yIeT He TONBKO KOMIMAKT-
HOM, HO M cBepXOGBICTPOI, MOCKONBKY Mepefavya INEKTPUYECKHX CHUrHANoB
10 METAUIM3UPOBAHHBIM HAHOTPYOKaM SIBJISIETCA A0 CHX TIOD OAHUM W3 ca-
MbIX pacnpoCTpaHEHHBIX HAMPaBNeHUuit B MUKpocxeMoTexHuke. Ocraercs pas-
paGoTarb 3¢ GEKTUBHBIA METOA [IPOY3BOACTBA HeiipoceTelt ¥ IPYImX pa3Ber-
BJIECHHBIX CTPYKTYD Ha OCHOBE HAaHOTPYOOK C KOHTPOAEM KOH(UTypauuu
NOJAYYMBLUMXCA COeAnHEHUHA. BroJIHe BO3MOXHO, YTO TOTAA OHA TaKas CIOX-
Hasi HAHOCTPYKTYPa CMOXET MONHOCTHIO 3aMCHHTD, HAIDUMED, YK KOMIThb-
IOTEPHOTO MMKPOIPOLIECCOPa.

Komnanua Infineon cozpana camein
MaJIeHbKUA B MUpe TPaH3UCTop
Ha HaHOTpyOKe'

Komnanus Infineon Technologies AG (FSE/NYSE:IFX) coeepliumnta rnpophis
B MPOM3BOACTBE BAHOTPAHIUCTOPOB HA OCHOBE HAHOTPYOOK. El ynanock ¢o-
35aTs paboTOCNOCOGHBI HAHOTPAH3UCTOP ¢ MIWHON NPOBOASLIErO KaHafa
Bcero 18 uM. CospeMeHHbIe HAHOTPAH3HCTOPhI — U SKCIIEPUMEHTANLHBIE, W
paboTaoLe — yKe B CCPUW [OTYITPOBOAHMKOBLIX YCTPOICTB XapaKTepH3y-
IOTCS BYETBEPO DONbILMMH pazMepaMK Mposoaswero kaHana. Mcenegopateny
13 MroHxeHCKON nabopaTopun KoMmaHuu Infineon MCnoib3oBaiH B HOBOM
MONYTIPOBOAKWKOBOM YCTPOMCTBE HAHOTPYOKY muamerpom oT 0,7 mo 1,1 um,
KoTopasi 6bUIa BhIpALUEHa CITELMANTUCTAMU KOMIIAHUH.

DeKTpUUeCKHe XapaKTEPUCTHKY YTIEPOAHBIX HAHOTPYOOK COENand MxX
MOSANbHbIMMA KAHIUAATAMY [Tl MCIOJB3OBAHUSA B MUKPO- M HAHO3JIEKTPOHU -
ke. brarogaps «bacTHUeCKOMY 3JIEKTPOHHOMY TPAHCIIOPTY» HAHOTPYOKM
TIPOBONAT 3NEKTPOIHEPIHIO ¢ HAUMEHBILUMM COMPOTHBIACHUEM. [103TOMY OHH
XapaKTepU3YyKOTCA dNeKTPONPoBOAHOCTLIO B 1000 pa3s Donblieit, yeM y Menu.

Bornee Toro, HaHOTPYGKM MOTYT BBICTYTIATH KAK B POJIM POBOAHWKOB, TAK 1
B pony roxynposoarnkoB. Kommnammsa Infineon neppoit 3amymanack Han ripo-
MBILUIEHHBIM MPUMEHEHUEM [IOJYTIPOBOSHWKOBbIX YCTPOHCTB Ha OCHOBE Ha-
HOTPYOOK. MccnenosaTenbekiifi cocTap KoMAanMy pa3paboTan HOBBIE METONE!
NPOM3BOACTBA HAHOTPYOOK M MX MCIIONB3OBAHMS 8 HAHOTPAH3UCTOPAX.

Tatoke UCCneqoBaTeNy CMOIIY BhIPAUIMBATh HAHOTPYOK W Ha QIIPEAC/IeH-
Hblx DosepxHocTsaX. HoBelfi HanoOTpan3ucTop (puc. 2.3) MOXET MpOBOAUTh
Toku 00 15 MA npx romaye Ha Hero Hanpsokeuus sceero 0,4 B (o6priHbe
HaHOTpaH3MCTOPh! paboTaloT na wanpsixedvwn 0,7 B). TIpu npoussoncTse
MUKDPOINEKTPOHHBIX KOMIIOHEHTOB HA OCHOBE HOBOLO YKIA TUIOTHOCThL Pas-
MELIEHWS TPAH3MCTOPOB OyAeT B fecdaTh pa3 GoiblIe, YEM B COBPEMEHHBIX
uyunax. Take necnenonarend u3 Infineon npexrrosnararT, YTO U3-3a HU3KO-
rO HalpSKEeHUS MUTAHUS YU HA HOBBIX TPAHIUCTOPAaX CTaHYT Honee 3K0-
HOMUYHEBIMU, YeM COBDEMEHHBIE.

! Nanotechnology-Now (23 oxtabps 2004 r.).
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Puc. 2.3. [oneBoit HAHOTPAHIMCTOP Ha OcHoBe HaROTPYOKK oT Infineon

VMeHblleHHe HaNpsKeHUs nuranus 40 35 B pe npeanonaranochk rnpous-
BOAMTENAMHU yunos o 2018 r., a Hoselit Tparauctop patotaer Ha 0,4 B yxe
ceiyac. Kak Mbi nucanyu palnee, HOBAS NMapoBas TEXHOJOIMST NPOM3BOACTBRA
HAHOTPYOOK OD0el@er caeaTh MX JEIIEBLIMY, TakK 4YTO BIOJHE BO3MOXHO,
YTO Yepe3 HECKONBKQ JIET B MMKPOITEKTPOHUKE OYAYT UCIIONB3OBATLCA Ha-
HOTPAaH3UCTOPL! HA OCHOBE HAHOTPYOOK.

IBM yTpouT npou3BoauTensHOCTb
TPaH3ncTOpOB'

Kommanus [BM mpencrapija HOBYIO TEXHOJOTHIO, KOTOPAsA MTO3BONAET BTpoe
YIYUYLIUTb TIPOM3BOIUTENBHOCTL TPAH3UCTOPOB. BTO AACT BOZMOXHOCTD KOM-
TIaHHH YIPOU3ROZUTE B CICAYIOLIEM JecATHAETUM 6o/lee KOMNAKTHEBIE W Bbi-
CTPOAEHCTBYIOIIME UNTIILI, CKA3aNH uccnenosaTeny u3 IBM. Tipu stom no-
BBLI METOA COBMECTMM ¢ TpaauuuoHHoi CMOS-TexHONOTHEH.

o cnoBaM ucciegoBaTeieit, YCKOpHTb paboTy TPaH3UCTOPA MO3BOAUI
C/ION HanpsiXKeHHoro rcpMmaHus (strained Ge). Tak xe Kak M B cayyae
HanpsxeHHOro KpemHuws (strained silicon), «d3I0MHHKa» TEXHOMOTUW CO-
CTOMT B TOM, YTO B KPUCTaJNE MONYIIPOBOAHMKA CO3NAETCS MEXaHHYec-
KOe HAMpsXeHKe, NPUBOASILES K TOBBULUEHHIO MOABYXHOCTH HOCHTENCH
3apsaa M, Kak CAENCTBUE, YAYHIIEHMIO XapaKTepUCTHK TPaH3UCTOPOB, B
YACTHOCTH YBEAWMEHHWIO BEJIUYMWH SJEKTPMUYCCKUX TOKOB, MPOTEKAXOWIMX
yepe3 TPaH3UCTop.

[To navubiM IBM, TpaH3uCTOPH, BHIIOJHEHHBIC U3 HANIPAXEHHOIO rep-
MaHus, oGJIAJAIOT BTPOS AYYIWHMM NapaMeTpaMy MO CPaBHEHHIO C TpaH-
3UCTOPaMK M3 00bIYHOrO KpeMHUs. Kaxk monaraeT KOMMaHus, MpUMEHe-
HUE TEXHONOTHM HaNpSXKEHHOro KpeMHUsA Oyaer HeoOXoaMMO mnsa
H3TOTOBNEHUMA MHTErpalibHBIX MMKPOCXeM ¢ cobnwoaeHneM 32-paHomer-
poporo Texmnpouecca. Coobliaercs, 4TO KIIOHEBBIM MOMERTOM TEXHO-

! Infoworld.com: IBM triples transistor performance with germanium (7 gexabps 2004 r.).

Tpanzucmop ¢ naasnuxom om Infineon ymenswun flash-namams \)

JIOTMH SBJSIETCH CO3AAHME TOHKOTO CIIOSl repMaHys Ha 3aTBOpPE TpaH-
3UCTOPA.

I'epmaHueBble UK r’UOpHUAHbIE KDEMHUK-TepMaHeBbIE TEXTI0JOTHYEC-
KME TIpOUECCH — a, Cydsl TI0 BCceMY, MMeHHO O TaKOM MMpOLECCe W MAET
peyb, — KaxK npaBHilo, ABASIOTCA 6ONce TPYAOSMKHMH U JOPOIMMHM, YEM
KPEMHUEBBIC, 1A W UCTIONB3YIOTCA OHH Kyda pexe.

HOBbIC yMnBl Ha OCHOBE HAMpPSIXXEHHOTO TrepMaHWs No 32-HaHOMETpOo-
Bomy Texnpoueccy 1BM mnauupyer shinyckats Tosbko B 2013 r. Hanom-
HHM, YTO YUIBI TI0 65-HAHOMETPOBOMY TEXNPOLECCY NOSABUWIVCH Ha PhiHKE
yxe B 2005 1.

Kommanust IBM oduimanbHo 06baBMIa 06 HCNONB30BAHUM HOBOW Tex-
HoJMOruK Ha MexayHapoaHo#l xoH(pEpPEHUWH MO 3NCKTPOHHBIM YCTPOH-
ctBam (2004 International Electron Devices Meeting), kotopast cocTosuiach B
Can-Ppanuurcko. IBM npeacrasuna nepbifi HAUMEHBW WA B MHpPE 4un
SRAM (ctatuyeckass RAM). KoMmaHnu-npon3BoavTENM YHITOB MOYTH BCe-
[Aa TeCTHPYIOT HOBbie TeXHOAOTUM coznanHnem SRAM-saeek. Mccnenosare-
J¥ UCMOJb30BAIM HOBblE METOALI B npoussonctee SRAM (siueiixa cocrout
BCETO M3 WECTH TpaH3ucTopoB). Hossle sueiikn SRAM B aBa pasa: MeHbUIC
M3TOTOBJICHHBIX PaAHEEe NPOTOTHNOB M B 10 pa3 MeHblle, YeM HCIOMb3YIOILH-
€Cs B CEPMMHOM TPOM3BOLCTBE.

Tpan3uctop ¢ rsiasHMkom ot Infineon
ymenbuun flash-namars’

I'epmaHckie yyeHsle M3 komranum Infineon Technologies cosnani HanMeHb-
WK B MHpE YMIT SHEPrOHEe3aBUCHMOM namaTti (nonvolatile flash memory),
uto yaanock Gyarogaps csepxmanibiM FET-tpaHsucTopam. HOBbIA 4yun pas-
mepamu Bcero 20 HM MOXET MIMTEILHO XPaHWTh OOMH 6UT Be3 noaayn Ha
ycTpoiicTBO 3Hepruu. CamMas «npoaBMHyTas» coBpemeHHasn flash-namsrTs,
BbIJIOJIHAOWIAS AHANOTHYHbIE PYHKLMK (XpaHenWe | 6UTa NaMsaTH), WMeeT
pasmepw okono 90 M. 3a nocneanee spemst flash-nmaMsaTh cTana nomy/sipHa
6aaronaps ee MPOCTOMY MCMOAb30BAHMIO B UNMPOBLIX horoannaparax, MP3-
ruieepax, USB-crukax v Buleokamepax.

Bce monbiTkn yMEHLIWIWTL {lash-uyHnbl, UCTIOAL3YIOLIME TEXHOJOTHIO
90 HM, He YBEHYANMCh YCNEXOM, BCAENCTBHE (DM3MUECKUX OIPAHUYCHMI,
HAKJIANLIBAEMBIX [TPOLIECCOM MX NpoM3BoAcTBa. YueHnIM M3 Infineon yna-
JOCh CO3AATh HOBbI 20-HaHOMETPOBBIN KN TONbLKO Graroaaps paHee W3o6-
pererHOMY nosneBomy TpanswcTopy FInFET (puc. 2.4), xotopblit umeer
TPEXMEPHYIO CTPYKTYPY PACNOAOXEHUS CAOEB MOJYNPOBOJAHWKOB. biaro-
1aps el yIanoch YMEHBIUWTL pasMepbt TpaH3ucTopa. COBEPUICHHRIE TPAH-
3MCTOPb) — «MJIOCKME», H ¥3-3a TAKO [€OMETPUH TPYAHO A0BuTeCs B0Jb-
WeA MUHHUATIOPUIAUKH.

! Info World: Infineon designs smallest nonvolatile flash memory chip.
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Puc. 2.4. Crpoenne FinFET tpaH3ucTopa

PacckaxeMm moapobHee o HoBoM moneBoM Tpausucrope FINFET. OouH
W3 TNABHLIX KOMIOHEHTOB TPAaH3UCTOPA — KPEMHHEBHIH «UIaBHHK» (fin)
TOJIIUHON BCero 8 HM, KOTOPbLA MPOXOANT Yepe3 HUTPUIHBIA CIIOH, UTPatO-
U POSb «IOBYLIKM» LI HOCHTENSH MH(pOpMalluM — 3JIeKTPOHOB. 3aTBOP
TpaH3ucTopa pazMepaMy 20 HM yNpaBIseT «IHIaBHUKOM», KOTOPBIH, B CBOIO
ouepellb, 00eCNEYHBaeT IepPekIIOYeHNEe «IOBYLIEYHOro clof», TpaH3ucTop
CKOHCTPYMPOBaH TAKUM O0DA30M, UYTO «WIOBYILEUHDBIH C/IOM» 3JEKTPUYECKH
MU30JIMPOBAH OT <«[JJABHWKAa» W 3aTBOpa. B ormueckoM COCTOSIHUM, COOTBET-
CTByOLIEM «l», B «10BywIKYy» romagaer okono 100 saekrpoHos. B cospe-
MEHHDbIX YUnax svexa naMaTH B COCTOSHMU «l» comepxmr ux oxono 1000.

Kaxk u cogpemennbie aneMeHTapusie sueiiku flash-namaTy, HoBass MoXeT
XPaHUTL OAHOBPEMEHHO 2 GUT, 3TO NPEAYCMOTPEHO CTPYKTYPOM M 3IEKTPH-
4ECKUMY XapaKTePUCTHKAMU TPaH3HUCTOPA.

Kak coobummnu npeacTaBuTeNn KoMNaHuu, HoBbii flash-unn, KoTopwi
MOXeT XpaHUTh 40 32 I'OuT uHpopmaLuK, OyAeT B § pas MeHblLE NpPoJalo-
nuxcs cerogHs uunos. O co3naHUU HOBOH MamMATH KOMMNaHUA coobunwia
Ha MexayHapoaHo# KoHbepeHUMH IO IJNEKTPOHHLIM YCTPOWCTBAM B
r. Can-®paHuuncko.

CeBepxKOHAEHCAaTOPbl U3 YrnepoaHbIX
HaHOTPYOOK!'
CBCpXKOHﬂ,CHcaTOpr OUEHb O0ONBILION EMKOCTH MOXHO caenarb K3 yrnepon-

HBIX HAHOTPYOOK, WCMOB3YS TEXHOIOTHIO, TIPEANOKEHHYIO UCCAEA0BATEs -
MH U3 UC Davis. CeepxKOHIEHCATOPbl — DTO YCTPOUCTBA MUIA XPaHEHUS

' Nanotubes enable dense supercapacitors (http://www.automotivedesignline. com/
showArticle.jhtml? printableArticle=true&articleld=60405658).

SNEKTPUYECTBA, CMOCOOHAIE BbLAABATL GOMbUIOE KOTUUECTBO IHEPTHU 38 KO-
poTKoe BpeMsi. TpaHCIIOPTHLIE CPEACTBa, paboTaloWMe HA BASKTPHYECTBE 1
TOTUIMBHBIX fYcHKax, TpeOyIoT 41a crapra fonee MOLIHBIR MUMIIYJILC 2JIEKT-
PHUUECTBa, YeM MOryT obecrieduTb OBBIYHBIE Gatapen. CBEPXKOHIEHCATOPH!
TaKKE NPArOAsTCS B SNMEKTPOHUKE U JIPYTUX 001aCTaX, THE HEOOXOAMM MOLLL-
HbliA ¥ KOPOTKMH MMMy/abC 2Hepruu. HoBrle yeTpoHcTsa MOryT Bbhipabathl-
BaTb 30 KBr/Kr 110 cpaBHeHuio ¢ 4 KBT/Kr, xapaxTepHbie ANs CaMbIX «Npo-
HBHMHYTBIX» COBPEMEHHBIX KOHIEHCATOPOB.

[lpodeccop Ning Pan u ero xoMaHia co3najid CYCNIEH3UIO U3 HAHOTPY-
GOK — KPOIUEYHBIX JYCTOTE/LIX YIIEPOAHLIX LUWIMHAPOB AMAMETPOM B He-
CKO;ILKO artomoB. OHH pa3paboTaNv Meroa HAHEeCEHMWS HaHOTPYOOK Ha HU-
KeJeBYIO TOUIOKKY TaK, 4TOObl HAHOTPYOKM pacnonarainchk OMM3KO IPYT X
apyry. TpamuumoHHee KOHACHCATOPb! (1w «koHneHcatopsl Dapanesi») Ha-
KAIMUTMBAIOT JEKTPUYECKHI 3apan Mexay ABYMA TPOBOASILWMH TUIACTHHA-
MU, paseieHHRIMU clloeM AUIeKTpuKa. [Ipu 5ToM uyem Goablue Inollanb
MX NOBEPXHOCTH, TeM CONbLIMI 32psSA HAKaIUIMBaeT KoHaeHcarop. «bnaro-
[aps cBOEMY MANOMY pasMepy HaHOTpYOkM 061aa0T OrPOMHONM MUTOILAAbLIO
NIOBEPXHOCTH, HA KOTOPOM MOXHO HAKATLIHMBATDL BHEPrUio», — YoBOPUT Pan.

Pezyapratel paboT onyOnuKOBaHb B (EBpaNbCKOM BbUIYCKE XYpHaIa
Nanotechnology.

D OTOHHbIE TPAH3UCTOPbI B KPEMHUEBOM
ucnonHeHum'

BOAbIUHHCTBO 2AEKTPOHHBIX YCTPOHCTE B CKOPOM BPEMEHHM MOTYT cTaTh (o-
TOHHBIMH, T.€. BMECTO 3EKTPOHOB, NNEPEHOCAUINX MHDOPMALIMIC, OYIYT «Kyp-
CHpOBATb» JIyYyH CBeTa — (DOTOHbL

MHorue skcnepThl B 007aCTU MUKPOSNCKTPOHHKY NPEABUAAT UMEHHO
TaKoOW CLeHapuUit pasBUTHA MHKPOSJIEKTPOHMKH, HCNOJIL3YEMOMA B BEIMHUCIN-
TeJbHOU TeXHUKe. DTa 001acTh HaykH passuBaeTca yxe ¢ 1970 r. ®oToHMKa
(Tax Ha3biBaeTCA 3Ta HOBag 00/1aCcTh YCTPOMCTB, IA¢ B KaueCTBE OCHOBHOMO
CUTHaNa UCTMONb3YIOTCSE OTAEAbHbIE (DOTOHBI) MOXET MPUMEHSTLCH B TaKUX
obnacTax, Kak TeJEeKOMMYHUKAUHU, MaplupyTH3almss MHTEpHETa, OnTOBO-
JIOKOHHBIE CETH, M, KOHEYHO, B CO3MaHUM «CBETOBRIX KOMITLIOTEPOB»,

[Touemy Xe TaK BLITOAHO HCIIOAL30BaTH HOTOHUKY BMECTO OOLIMHOM 3MeK-
TpoHUKH? Bo-niepsbix, POTOHHbIE YCTpOiCTBa GYMYT MOTPEONSATE MEHbLUIE
3HEprUu. Bo-BTOphIX, ¢ MOMOLIBI0 (POTOHHLIX YHITOB MOXHO OyaeT onepu-
poBaTh OonbMMKU obbeMaMu MHGpOPMAaLKUK M, CleOBATEbRO, CKOPOCTD
BBIUMCJEHUH BO3pacTeT.

[pyGo roBopsi, B8 OTOHHOM YWIE JIYIH CBETA 3aMEHST TOK 3NEKTPOHOB
MO NIPOBONHUKAM B aHATOIMYUHOM UIEKTPOHHOM uMIie. Bor noyemy HOTOH-

! Cornell News Service: Making the big step from electronics to photonics by modulating
a beam of light with clectricity (http://www.news.cornell.edu/stories/May05/
LipsonElectroOptical.ws. html).
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HbIE YMIBl SKOHOMHYHEE JIEKTPOHHBbIX: (POTOHHMKA IMOpa3no MEHbIE OTAAET
TEIUTOTh] B OKPYXKAIOLLYIO CPey U, CIEAOBATENbHO, MEHBLLE TOTPEQIIAET 3HED-
MY aas paboThl.

Ha ceronHsLHMit AeHb HMEETCS PSAI IPOTOTHTIOB HaHOMOTOHHBIX YCTPOICTB.
OnHako ecTb NpodaeMa: POTOHHBIE YCTPOMCTBA HAK0 OPraHiYHO «BIMCATLS B
MOpe COBpeMEeHHOI 1eKTporukH. M 1 3T0ro HeoOXOAUMMO CKOHCTPYMPOBATh
YCTpPOHCTBO, KOTOpoe obecreurBalo Obl BIaUMOAEHCTBUE MEXIY (HOTOHHBLIMU
M AMEKTPOHHBIMH YMTIaMH. Takoe YCTPONCTBO MOXHO Ha3BaTh «DOTOHHLIM TPad-
3UCTOPOM», WK «DOTOHHEIM KItouoM» (puc. 2.5). Ero dynkima — npooyckats
CBCTOBbIC BOJAHB! [1IPYU HAMKYMY COOTBETCTBYIOLUETO CHUTHAJA ¥ He MPOrycKaTh,
€CNIM CUTHAIA Pa3peLUeHusT HeT.

Puc. 2.5. Mukpodororpadus
— |e=lMpHHa = J50nm ¢$oToHHOrO Ynna

d30p = 2illnm

B Kopuemrckom yHusepcutere (CLIA) mccnenoBarensM ymanock mpu-
Gnu3uTheT K pelieHmio 3Toi npobnembsl. OHM CMODIN CO3AATH YCTPOHCTBO,
KOTOpOE 11€PEeBOAHT DNIeXTPHUYECKUId CUTHal B MOAYNHMpPYEMbIH CBETOBOM JIyy
B HaHOopaimepHOM Awranasone. [Ipu 3Tom pasmepsl GOTOHHOTO yCTpOACTBa
MO3BOJIAKT MUCMOAL30BATL €0 B MAPLUPYTH3ATOPAX, ONTOBOJOKOHHbBIX CETSX
H MUKPOTIPOLECCOPAX.

Taxye ycTpoiCTBa YOaBaNOCh ACAATh M paHee, HO UX pa3Mepbl COCTABMS-
JIM HECKONBbKO MMWLIMMETPOB. ECTECTBEHHO, YTO CBA3bIBATh YHIT MUIJIUMET-
POBBIX Pa3MEPOB € COBPEMEHHBLIMU MUKpOcxeMaMy 110 90-HaHOMeTpOBOMY
Texnpoueccy 6b10 Obl Hed(hhexTHBHO. Yuennle 3 KopHemwna cMornu cae-
JlaTb TaKOW e “MI pa3MepamMn HECKONLKO MMKPOMETPOB. Takoe yCTpoOH-
CTBO YX€ MOXHO MHTe[PUPOBATH B COBPEMEHHLIE MHKPOCXEMbI,

Yganocs 310 caenaTh Oaronaps UCIOAB3OBAHWIO apCeHHMAA TaJuTUA. DTOT
TIOJIYNPOBONHMK JIETKO MOXHO MHTEIPUPOBATL B MOIYTIPOBOAHHKOBbIC YCTPOH-
CTBa, 1 OH B OCHOBHOM [IDMMEHHETCS B COBPEMEHHOMK MUKPOINEKTDOHMKE.

O paGoTe yyeHble COO0MAM B MAHCKOM Bhinycke xypHana Nature 2005 1.
PyxoBonnn ncenenosanusamun yueHbiid n3 KopHesckoro yampepcuTera Maifxin
JluncoH.
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Puc. 2.6. Npunumn aeiicrenn
Bhixoa T HOTOHHOTO KNoua
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B ocHOBY HaHO(MDOTOHHOTO MOAY/MIATOPA JIEI KONbUEBOM pe3oHaTop, KO-
TOpbI#i OTCTOMT OT NPSIMOTO CBETOBOTO BOHOBOAA Ha 200 1M (puc. 2.6). Cser,
NPOXOAAUIAL yepe3 TPAMON OTPE3OK BOJIHOBOAA, MHOXECTBO pa3 orunbaer
KOBLEBOM pe30HATOp. SIBReHHE 3TO LUMPOKO M3BECTHO, MU UCIIONL3YETCH B
OTOHHBIX ycTpoiicTsax. [Ipuyem OT AMamMeTpa KOAbla HanpsiMyro 3aBMCHT
ANKHA BOAHLY CRCTOBOTO NYUKZ Ha BLIXOAC U3 PEIOHATOPA. YHEHbIE UCTIONL-
30BaIM AMaMeTpbl 10 M 12 MKM U NOSYYWIH CBET C ANHHOM BOJHBI 1555 1
1576 uM cooTBeTcTBeHHO. CBET C TaKOM UIHHON BOMHbI JIEXHT B MHpa-
KPaCHOM [MaNa30oHE IHH BONH.

Terneps paccKaXeM 0 MEXAHHIME MOAYASLMH CBETA JNEKTPOHMKOH. Konb-
LO-MOZY/SITOP PACIMONOXEHO Ha TMOBEPXHOCTH M3 OTPHLATENbHO HONUPO-
BAaHHOTO KPEMHMs, & BHYTPU KOJbLIA — 06NacTh ¢ NONOXHTENbHBIM A0MHAPO-
BanueM (puc. 2.6). [TosTomy BONHOBOA NPeACTaBAseT COOOH 30HY pasaena
Mexay p- W n-0bnactsaMu p-n-AHona, obpasoBaHHOTO CTPYKTYPOH BONHOBO-
OB ¥ NONYNPOBOAHMKOB,

Kax To/lbKO Ha MUKPOCHCTEMY ITOAAIOT HANPSKEHUE, JIEKTPOHBI W IIbIPKH
TIOCTYNAl0T B OBJACTL BOJHOBOLA, M3MEHAS €TO ONTUYECKMH Ko3pdUuUmMeHT
npeaomiaeHus. COOTBETCTBEHHO Y BOJHOBOAR M3MEHSICTCS PE3OHAHCHAS vac-
TOTa CBETa, KOTOPYIO OH MOXET NPONyCKaTh. Taknm 00pasoM, HarpsDKeHue
«3anupaer» CBET, NPOXOISLUMNI 4epe3 NpsMOM OTPE30K BOJHOBOLA.

PaHee ydeHble UCII0NbL30BaAM MOXOXUA NPUHLIMTT AM0Aa B (POTOHHMKE LIS
TOr0, YTOObl MOLY/IMPOBAThL CBET B NMPAMBIX y4acTkax BoHosoa. M o yaa-
BAJIOCH TONBKO TOrAA, KOTAA CBET NPOXONWI CPABHMTEABHO 60J1b1IOE PacCTo-
siHWE NO BOMHOBOAY. COOTBETCTBEHHO, WIS paboThl YCTPOHCTBA HYXEH BOJ-
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HOBOX OOSBLUCH JIMHEL, ¥ TOrAa YKl OyJeT yke MaKpOCKOIMYECKHUX pasMe-
poB. A yueHsle u3 KopHenna 3actapiiy 6exarb CBET FQ KPYry B pe3oHaHC-
HOM KOJIbUE, TEM CaMbIM YAIMHHB €r0 MYyTb.

B Tectax yyeHbie riogaBaay Ha yerporictso 0,3 B ¥ 3Toro xsaTano, yrobbl
NpeKpaTHTL PAcrpOCTpaHEHHE CBETa TI0 BOJIHOBOLY. 3aTeM HCCIeNoBaTeln
NPOTECTHPOBAIM YCTPOMCTBO HAa 4acTOTy BKIKOUEHMi. Pesyawrarsl okasa-
JIUCh JOBOJIBHO ONITHMUCTHUHBIMU: C TTOMOLUILK KOJNbLA-PE3OHATOPA YYEHbIE
OponycTuiu yepes ¢poroHHuH TpansncTop 1,5 [6ut B cekynay. Moaynvpo-
BaHHeE CBETa MO3BOIUNIO NPONYCTHTh cepio 0 1 1 3a cTOJIb KOPOTKOE BpEMS.
A mpolecc fepefayd oaHOro OUTa 3aHMMam HECKOJLKO AECATHIX THKOCE-
KYHABIL.

HP npoBo3rnawaer KoHel KPpeMHUeBOWU 3pbi’

Kommanua HP snepsble oHuMansHo 3aBMNa O TOM, UTO Y Hee eCTh CTpa-
TErds PasBUTHS HAHONICKTPOHHOH 6a3bl, KOTOpasi COCTABHUT OCHOBY Oyiry-
Wei AMEKTPOHHO-BBIYUCUTELHON NMPOMbILLIEHHOCTH. [Ipe3eHTaumie Ho-
BOIl TEXHOOTHH NMPOM3BOACTBA KOMNAHMSA NMpPOREIa B palle CTaTed XypHaia
Applied Physics.

«Mbl yBepeHbl, yTO Grarogapss HOBOMY MOAXOAY B O0JIacT¥ MHUKPOIIEKT-
POHMKH M HAHOTEXHOJOIUAM TEXHOJOTHH ITPOU3BOACTRA KOMITBIOTEPHBIX 4U-
TIOB [IEPEMECTIITCSl HMXE MO Pa3MepPHON LUKaNe JO OTASNbHBIX MOJEKYN. 310
TIO3BOJIUT OTKA3aThCsl OT TPAOULMOHHONM KPEMHWEROH MUKPO3NEKTPOHUKH U
HA4aTs OCBOGHME MOMEKYNSIPHOA HAHOIEKTPOHUKM, — ckasal CIsH YHib-
aMc, riasa otaena HP B o6racTu xBaHTOBRIX MccnenoaHui. — Ilepexon x
MOJIEKYIIPHO# 9AEKTPOHUKE COCTOUTCS Baaromapsl pa3BUTUIO Tpex Hampas-
NeHuH: pesynprataM GyHIAMEHTANBHBIX UCCAECIOBAHMN B obnacTH KBaHTO-
BOM (pu3anKu B HAHOPA3MEPHOM AMana3oHe, NOCTPOEHHUIO aPXMUTEKTYPhE Y-
MOB HOBOTO THNA, No3poisawineil Gonee 3GPEKTHBHO HCMONb30OBATb
BO3MOXHOCTH HAHOJIEKTPOHHKH, M, KOHCUHO, MCTOLaM ACLIEBOTO MAacco-
BOrO NMPOM3BOACTBA HaHOZIEKTPOHHBIX KOMMOHEHTOB».

3ansaenuio HP xypnan Applied Physics MOCBATII cHeLMANbHBI Bhbi-
[IYCK, B KOTOPOM OblAy AETa/lbHO OCBELLEHbI BCE TPH HalpaBiCHHUS.

HP opraHu3oBaia MeXAyHapOAHbIA CMMIIO3MYM B 001aCTH HAHOTEXHO-
JIOTHH, KOTOPBIH cocTosncs 25 mapta 2005 r. B HP Labs. O6cyxaanu Ha Hem
CTPATETUM [EPEXONA OT MHKDPO- K HAHO3AEKTPOHHKE TONbKO NpHIJalIeHHbIe
nuua. Ha cumnosuyMe npucytcTBoBaid 16 HauGonee M3BECTHBIX YUEHBIX B
00712CTY MUKPOIJIEKTPOHUKM, a TAKXKE NPEACTABHTENH KPYMHEHIUINX DIEKT-
POHHBLIX KOMMNAaHWH ¥ yHHBEepcUTeTOB. Ha cuMnosuyme Takxe 06Cyxaanoce
6yayliee 3akoHa Mypa, chopmynuporaHuoro 40 net Hazan. I'opoon Myp,
rnasa xomnauuu Intel, copMynvposan 3MNUPHYECKUE 3aKOH, COTNACHO
KOTOPOMY TIPOM3BOAMTENBHOCTb BbINMYCKAEMBIX IIPOLIECCOPOB YABAWBAETCS

! Beyond Silicon: HP OQutlines Comprehensive Strategy for Molecular-scale Electronics
(http://www.hp.com/hpinfo/ newsroom/press/ 2005/ 050314a.html).

HP npogozenauiaem KoHely Kpemnuesou 3pai @

Kaxable 1Ba roga. TeXHOMOTH: MpPOX3BOACTBA COBPEMEHHBIX MUKPOIMEKT-
POHHBIX YMITOB MPUONMXKAETCA K TOMY INpelesy, Mocie KOToporo cobone-
HUE 3aKOHA CTaHET HEBO3MOXHBIM. OnHako Grarogaps HaHOAEKTPOHMKE H
MOJIEKYJISIPHBIM cHcTeMaM 00paboTKy MH(pOpMaLMK 3TOT 3aKOH MOXET NOo-
JIYUUTh «BTOPOE [bIXaHUE».

«KompioTepsl Gyayliero SyAyT pasuTeNbHO OTIMHATBCS OT COBDEMCH-
HbIX, — roBopuT Yuibsmc. — [IpeacraBbte cebe, YTO BbI MOXETE cAenaTh
BHIUMAC/AUTENBHOE YCTPOMCTBO, MOMELIAIOUEECT HA TOPUC “EIT0BEYECKOTOo
oioca. Baronaps TaKMM CBEPXMATbIM Pa3MEPAM KOHEUYHBIA MPOAYKT (MO-
GWIBHBIH TeNeOH, IEPCOHANBHBIA KOMITBIOTED) CMOXET BBIMOJHATL ropas-
no Gonvblue GyHkumi, yeM ceitvac. [1oaToMy KOMNBIOTEPhl CTAHYT TaKMMH
Ke MOCTYMHBIMHM M [TOBCEMECTHBIMH, KaK BO3DYX, BOAA WK IIEKTPUYECTEO,
MCTONb3YEMbIE B NOBCESHEBHOM XM3HM. TlpuMeHeHHe HaHOKOMIIbIOTEPOB
OrpaHMYEHO TONBKO HALIUM BOOOPAXKEHUEM».

Takue 3asaBAe¢HUA M NporHo3el KoMnanuy HP cesizaHbl ¢ HOBOM apxu-
TEKTYpO¥# MOCTPOEHHS KOMTbIOTEpOB. OHa OCHOBAHA HAa HOBbIX MOJIEKY-
ASPHBIX Kiodax (puc. 2.7), TMpeacTapAsiolIMX COOOM Mepecexarlmecst
AMHUM, MEXAY KOTODbIMM MpHM NOja4y€ Ha HHX HaNpPsKEHHA BO3ZHAKAIOT
NPOBOJISAILME MOCTUKA. JIDEHMYLIECTBO HOBOTO KJIIO4a COCTOMT B TOM, MTO
Aarofaps KOHCTPYKLUMH YCTPOMCTBA EMKOCTb NTAMATH Ha ero ocHose Oy-
[eT BhILIE TOMH, KOTOpas CyLecTByeT ceifyac. EC/IN e NpuMeHATh KaXIbli
KIIOY B KAYecTBe SJEMEHTa HaMmsaTH, TO €MKOCTb OLHOIO ClOst COCTaBHT
2,5 [6yuT/CcM2, B TO BpeMA KaK CaMble «CBEPXILIOTHBIC» 4MIipl NaMATH Xa-
pakTepuaylotcs emkocTsio B | ['6ut/em? (puc. 2.8).

Takas apxuTeKTypa NMO3BOJNET UCMOJb30BATH KAX10€ MECTO Mepeceye-
HHUSL B KauecTBe sdYelKY MaMsaTH WM TpaHavcTopa. Takke KOHCTPYKUMS
JIOTMKM TIO3BOMSAET MAKCHUMAIbHO MCITONE30BaTh OObEM YHIA, UTO IIPpUBEACT
K CO3TaHUI0 MHOTOCIIOMHBIX HAHO3JIEKTPOHHLIX YETPOMCTB.

Puc. 2.7. Matpuila HAHOMEKTPOHHBIX KIOYeH
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Prc. 2.8. Paree M3rOTOBNIEHHBIH HAHOSMEKTPOHHBUA YUIT MAMITH Ha OCHOBE
HOBOJA apXMTEXTYPh! (CTpelkaMH yKa3aHO yBenuueHHe MaciuTaba)

Kak yTBepXA2J0T CeLUManueThl KOMRAHHWH, «y3tOBas» apXUTEeKTYpa, cdop-
MMPOBaHHas NepeceKalOUMMHUCS HAaHOTTPOBOAHMKaMHK (crossbar architecture),
TIO3BOJIAT YTIPOCTUTh MAcCoBOE MPOM3BOACTBO YMNOB. KaK HY CTpaHHO, HO-
Bble YHMITBI BYAYT fetleniie 0ObIYHbIX KPEMHUEBBIX Baroaapa 6onsuM 06b-
eMaM TIpOU3BOACTBA.

YWIbIMC Takxe 3as1BUT, YTO KOMTIAHUS VBEJMHMUT KOMUYECTBO MCCICA0-
BaHMIi, MPOBOAMMLIX B HAHOPA3MEPHOM AMana3oHe, yToObl JAyuilie pa3zob-
paThest ¢ PHU3MKOHM HAHOMUPA.

«B HanopasMepHOM aWara3zoHe KBAaHTOBAasS MEXAHMKa MIpaeT GOJbLUYIO
poJIB, MO3TOMY €10 HeNh3sl MpeHedperath. DTO CBA3AHO ¢ BOJHOBOM NPHPO-
noi snexrpona. Kak pa3 B “KBaHTOBOM” MHpe 31eKTpOH Beer cedst Kak
BOJHA, 2 HE KaK yacTHUA. IJTO, KOHEUHO, NMPUHOCHT MHOT0 npobieM TpH
KOHCTPYMPOBAHHK HAaHOANEKTPOHHLIX ycrpoitcTB. Ho ¢ apyroi cropoHsl aTo
Xe NO3BONsieT co3aaTh Honee OblcTpoAcicTayOlIME KOMIbIOTephl. Ceirvac
Mbl paboTaem Ham TeM, KaK MOXHO UCMOJAL30BATL 3TH KBAHTOBBIC 3(hEKTHI
AN NOBbIILIEHUA ObICTPOACICTBUA YNIIOB», — [FOBOPUT YWUIbIIMC.

W nakoneu, nccnegosarenscxue KosueKTuBbsl HP paGoralot Hag nepepo-
JIoM naGopatopHbIX NPOTOTHTIOB B MaccoBOe npov3ssoacTBo. OAHa U3 oc-
HOBHBIX 3a7a4 KOMaHAb! COCTOMT B TOM, UTOObl HaHTH IKOHOMUUECKH 3¢-
eKTUBHbLIE METOABLI NMPOW3BOACTBA HAHOUYWMOR. «DTO NABHAS TpadWULIMs
KOMIMAHUM — NOIepXKa NMPOM3BOACTBA HOBbBIMHU HCCACAOBAHHAMH, WNIEs-
MHM, RPOTOTHIIAMMU, — TOBOPUT YWakamc. — Ml genacsm Bee I TOTO, YTOOB!
B Oy/ylueM HaHOKOMITBIOTEPHI CTAIH OCHOBHOH MWHMEN npoaykTop HP»s.

UccnepopaTeneit B NepRyt0 ouepelb MHTEPECYET BO3MOXHOCTh HAHONM-
Torpacdhvu AAS NMPOUIBOACTBA HOBLIX YMITOB. HOo BEAYTCA MCCAEIOBAHMUS H B
obNacTi XUMHUIECKOl caMOoCOOPKM — 3TO MO3BOJUT AOCTHYL OONBIIUX O6DL-
eMOB TPOHM3BOICTEA.

Keanmosuiii estcaronamens — ochoga Oyoyuwel HAHONO2UKY 5\)

MIHTEPECHO TO, UTO MOSXOA KOMITaHHX MHOTOCTOPOHHWIA: KBAHTOBbIE KITIOUH
TIPEANONAraioT KCMOILI0BATh B KAYECTRE CEHCOPOB VIS AHATM32 MOMCKYJ OHK.

«KOHEeYHO, No pa3BuTHIO HaHodeKTpoHukK B HP paGotel MHOro, 1 Mbl
HE CIIpaBMMcsl C NCCIeNOBAHUAMY W UX peanv3alvel 6e3 KoJuier 1 naprHepos
U3 PYTHX KOMIaHHii, — FOBOPUT YwibsaMc. — BOT mouemy MBI 1 OpraHu3yem
cumnozuyM. Ha HEM MBI MOMbITaeMcsl PeLlUMTh HanGonee BaAXHLIE BOMPOCH! O
COTPYAHMWYECTBE C APYTVIMM WCCIENOBATENBCKIMN KOJUIEKTHBAMI».

KsaHTOBbI BbIKMIO4aTeNns — OCHOBa Gyayuien
HaHOMOrvukn'

WcenemonarensaM M3 anoHCKOro HauuoHalbHOIo MHCTHTYT2 MaTepnalose-
AeHUS yOANoch MEPEHECTH CTAPYIO TEXHONOTMIO MEXaHOINEKTPUHECKMX Bbl-
KmouaTeneil Ha KBaHTOBbIH ypoBeHb. OHU CO3Man MUHMATIOPHBIH MEXaHU-
YeCKMUil BEIKNIOUATE b, IOACOHMLIN TEM, KOTOPBIE 110 CEH AEHb UCHOJb3YIOTCA
BO MHOTI'MX ObITOBLIX mpubopax.

[MpuHuMN pabOTH! BBLIKIIOYATENSR MPOCT — TIPU TOAAYE HAMPXEHHA Ha
YCTPOMCTBO MEXAY ABYMS HAHONPOBOMHHKAMI BOSHMKACT MAU PACTIANACTCA
MOCTHK M3 cepebpa, KOTOPbIH BBITONHAET POjib NPOBOAHMKA.

JUMHA MOCTHKA, 10 KOTOPOMY NPOTEKAET TOK, — BCETO | HM. Ha otpeske
IMHOM 1 HM MOXHO pacrionoxuts 10 aToMOB BOJOPOAA, TIO3TOMY cooluie-~
HMe O CO3IAHMH HOBOIO KBaHTOBOTO YCTPOWCIBA [IPETEHIYET HA CEHCALMIO.

W ccnefoBaresn ropopar, 9YTO HRHOJMEKTPOHMKA HA OCHOBC HOBbIX KBaH-~
TOBBIX TIEPEKITIOYATENEH MOXET BLITECHUTH COBPEMEHHYIO YXKE UEPE3 10 ner.
WmeHHO 33 TaKOM CpoK, KaK OHM TIONAraloT, YAACTCH KOMMEpUUanU3osaTs
oTkpbiTHe Tcyolrn Xacerassl i ¢ro KOMaHzbl. Xacerapa — AMPEKTOP Haum-
OHANBHOIO MHCTHTYTa MarepuanoseaeHns AnoHnu.

B ot/iMuMe OT OOBIUHBIX MEXAHOIRSKTPUUYECKHXK YIepeknoyaTeNier, y Ha-
HOAHANOTA HET ABMKYLIMXCS MEXaHMHECKHX yacTei. «[lepembrika n3 cepet-
pa BO3HMKAET MEXJAY LUIMHAMU TIPOCTO OT MOAAYM HA HHUX HarnpDKEHHSA», =
ropopuT Xacerasa.

MocTuk, cocrosiupii U3 aromos cepelpa, (hopmHpyeTcs, KOFaa Mexiy
IUMHAMM BO3HUKAET HeGONbLAA MOJOXUTENbHASI PA3HOCTD NOTEHUHAN0B. A
KOUIa 3T0 HaNpsDKeHue MEeHsIET 3HAK, MOCTHK paspyusaetca. KsaHroBoe yc-
TPOMCTBO paboTaeT npH KOMHATHOH TeMneparype 4 OOBLIYHOM OKPYXEHHH
(1aBneHME, CYXOCTh BO3AYXA M Np.). )

MpoToTUN, U3TOTOBIEHHBIA Y4EHBIMY, MEPEKIIOMAETCS € JaCTOTON OKO-
5o 1 MTu (Mny MWITMOH pa3 B CeKYHIY) NPH PasHHULIE NOTEHUNATOB MEXULY
nmHamu £ 600 MB. YactoTa nepekioueHUil YCTPOXMCTBA CBA3aHa € TOJLIH-
Hoi wwH. Kak rosoput Xacerapa, €ciy WX €iUe YMEHBUMUThH, TO MOXHO
TocThyb yacrotsl B 1 [T, BTOT YaCTOTHLINA Mpenest UCMOMBL3YET COBPEMEH-
Hag anekrpounka (puc. 2.9).

' TRN: Nano bridge builds logic.



@ lhasa 2. Hanosnekmponuxa

Puc. 2.9. Marpyuua xBaHTOBBIX HAHOKIIOUEN

Pacckaxem, KaK nMpoucxoamT hopMUPOBaHIE cepebpsAHOro MocTHKa. Bech
CEKPET 3aKMOYAETCH B COCTaBE HAHOMPOBOAHMKOB — WMH. OAuH NpoBOa-
HHK BBITOJHEH M3 YHCTOTO cepedpa, MOKPHITOr0 TOHKWM C10eM cynbhuna
cepebpa, BTOPOH — M3 TIaTUHBI, TOXKE NOKPHITOH YHCTbIM cepebpom. Ipu
BO3HWKHOBEHHHU TIOJOXWTEILHOH PA3HOCTH TIOTEHUMANOB MEXIY WHHAMM
aTOMbl cepebpa BLUAEAAIOTCA U3 CYILMHIA B MOCTHK ITHHOW | HM, U cOOT-
BETCTBEHHO NPU MIMEHEHMM 3HAKa HAMPSKEHWsSI MOCTMK pa3pylIaeTcs W
aTOMbl BO3BPALUAIOTCA B CY/Ibdua.

[IpenmyLuecrtBo HOBOrO KIIOYa COCTOMT B TOM, YTO GIArOAAps KOHCTPYK-
UnM yCTPOHCTBA eMKOCTb NAMATH Ha €ro OCHOBE BYAET BbllIE TOM, KOTOPAs
cyluecTsyet cefyac. Ecay e vCnonboBaTh KaXablil KoY B KayecTBe ajle-
MCEHTA NaMATH, TO eMKOCTb QAHOrQ Cll0s COcTasuT 2,5 ['6ut/cM?, B TO Bpems
KaK CaMbl€ CBEPXMIOTHBIE YUIbI NaMATH XAPAKTEPUIYIOTCH EMKOCTHIO B
[ Téur/cm

To, uTo HOBOE' YCTPOICTBO PaboTaeT MO 3aKOHAM KBAHTOBOM buanku,
TIO3BOJIACT CO3AaBATh Ha €ré OCHOBE MHOIobuTHYIO0 namste. Kak u3secTHO,
B KBaHTOBOM (DM3MKE PassiMuHble IHEPreTUUECKME COCTOAHUS KBAHTYWTCA,
NIPUHUMAR ONpeAE/ICHHbIE AUCKPETHbIE cocTostHmA. [Toatomy oaun (!) kiioy
MOXET NpeacTapaTh 16 cocrosuuit win 4 6uta — Tak yTBepxaaer Xacerasa.

Vicenenosatenu cMorni CKOHCTPYVPOBATh NOTHYECKHE sueiiku M, MU
n UJIN-HE na ocrose nosulv kuoyd. Bee normueckme YCIPOACTBA 110K~
v xopoune paboyue xapaktepucTuku. Ternepb yueHble pazpabaThiBAIOT Me-
TOAbI CEPUIAHOrO NPOM3BOACTBA MATPHLBI KBAHTOBLIX KJIoYeil. Kak ropopur
Xacerasa: «Ecnu Ham ynactes paspaorate MHOTOC/IOMHbIE YUl HA OCHOBE
STRX NEPEKTIOHATE/ICH, TO NPOM3OHAET €1Ue OLHA PEBOIOLMS B MUKPOINEK-
TPOHHKE>.

PaGora Xacerasn BrepBbie MOSBMAACH B AHR2PCKOM BBITIYCKE XypHana
Nature 2005 r.

Crocob Maccogo20 npou3eo0cmea INeKIMPOHHLIC CXeM HO OCHOBE HAHOMPYBOK 5\5)

Cnoco6 maccoBoro NnpousBo4CTBaA
BNIeKTPOHHbIX CXEM Ha OCHOBe HaHOTpPyboK'

Ousnky u3 Yruusepcureta IMencunpBanuu (CLUA) paspaGotanu npuHUKITU-
ANMHHO HOBBLH METOA NPOM3BOACTBA ANEKTPOHHbIX MUKPOCXEM Ha OCHOBE Ha-
HoTtpyGok. HaHOTpYOKM NaBHO WCIOAL3YOTCA B MPOTOTUIAX IEKTPOHHBIX
YCTPOUCTB, HAHOTPAH3UCTOPOB M MUKPOYHIIOB, OAHAKO AQ CUX NOp TeXHONO-
ksl PACTIONIOKEHUA OTHAEGABHBIX HaHOTPYOOK Ha MHTErpajlbHbIX cxeMax ObLna
HecopepuleHHa. MHOTHE MCCIENOBATEAU BHPALINBAIM HAaHOTPYOKM Ha MecTe
KOHTAKTOB, HEKOTODhIE NOALIOBANHCE JAOPOrOCTOSHUMH HAHOMAHUTYASITO-
pamu. Tenepb AOCTATOYHO NMOATOTOBACHHYIO CIIELMANbHBIM 0BpazoOM 3aroToB-
KY WHTErpaIbHOM MHAKDPOCXeMbl OMYCTUTH B PACTBOP ¢ HAHOTPYOKaMM, M OHU
06pa3yloT Hanepea 3ajaHHbE HAHOCTPYKTYPhI Ha [MOBEPXHOCTH MI1a.

«bsrarofaps CBOUM YAWUBMTEAbHBLIM JJICKTPHUYECKWM CBOHCTBAM HAHO-
TpyOKM HABHO CNyXaT OOBEKTOM IIPUCTaNbLHOIO MHTEpeca CO CTOPOHbI MPo-
V3BOAMTENEH MHUKPOIAEKTPOHHBIX KOMIIOHCHTOB. DJEKTPOHUKA Ha WX OC-
HOBE MOXET ObITh W NpO3payHoOi, ¥ r'MOKOK, M BBICOKOCKOPOCTHOMK. [Tnoc-
K#E TIAHEAM HAa OCHOBE HAHOTPYDOK, HANpHMEp, MOIYT OLITh ropasno 6onece
JelieBeIMH, yeM 06piiHble LCD-MoHWTOpE. BOT TONBKO CyLIeCTBOBANA O0HA
npobiemMa — A0 CUX MOp HE D60 TEXHOJOrMUW, MO3BOAAIUIEH pa3MellaTs
HaHOTPYOKM Ha yune. Ho mbl pelrman 3Ty npobieMy», — TOBOPWUT AJaH
JxoHcoH, npodeccop #3 TIeHCUABBAHCKOTO YHUBEPCHTEA.

[Mpouecc BbipatuBaHma HAHOTPYOOK — AOBOALHO CIOXHAS ONEpauus,
€e HeJerko BbIIONHHTE Ha roToBOH muMKpocxeme. [opasfio aerye ObLio Obl
CHaJana MX CUHTE3WpPOBaTh, 4 3aTeM PA3MEeCTUTL Ha ywre,

«CeronHs Mbi ZOOWINCH TOTO, YTO UMM NOMPYKASTCS B PACTBOP C HAHO-
TpybKamm, GopMupys roToBYIO MUKPOCXEMY. DTOT MIPOLECC MOXOX HA MPH-
FOTORACHUE [IOMOUPA: MOPOXEHOE OKYHAKOT B ILIOKOAAA M JTIOTOM OXNaXaa-
I0T. A RaM yJasoCch ele 3aCTaBAATL HAHOTPYOKMN MPHCOEOAUHATHCS TOIBKO K
ONpPENeNeHHbiM MECTaM Ha UYMMe, KOTOPble NPOMAapKHPOBAHBI 3apaHee», —
NPOAOMXKAET 06BACHRTL JIKOHCOH.

«K cuacTblo, IPYTHM YYeHBbIM yoaNoch pa3paboraTh METOAMKY cernapanmu
CUHTE3UPORIHKBIX HAHOTPYOOK Ha TAaK Ha3biBAeMbIE “ITONYTIPOBOMHUKOBLIE
u “meTaanuueckue”. [TpUMEHUTENBHO K TEXHONOTMM HAHECEHUS HAHOTPY-
60K Ha Yuil 3TO IIOMOXET B HECKONALKO pai YCKOPHTh NMPON3BOACTBO MHKPO-
cxeM Ha HaHOTpyGKax», — roBopuT Apmkyn Monx, npodeccop Mencumn-
BAHCKOTO YHUBEPCHTETA M3 OTACJAEHMst (DM3UKK H aCTPOHOMMM (pHC. 2.10).

YuyeHble, OTKPBIBLWIKE NPOLIECC OTACAEHHA ONHOrO THNa HAHOTPYDOK OT
HApPYroro, roBopsaT, YTO CAEJATH CBOCOOPAa3HbIN «OUMCTHTENL», KOTOPbLIA CMO-
XeT BbIAABaTh OOJNBILOE YHUCHO OAMHAKOBLIX HAaHOTPYOOK. 3TO NOBONLHO
eHMOE OTKPBLITHE, TAK KaK B MAacCOBOM MPOAYKTE, MMONyyaKweMes riocse

! Nanotechnology-Now: Perm Researchers Take a Big Step Forward in Making Smaller
Circuits.
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Puc. 2.10. HaHOTpYOKM, HAHECEHHbIE HA MMII IO HOBOM TEXHONOIHH

CHHTE3a HAHOTPYOOK, COLEPKUTCA GONBLUOE KOJTHYECTBO NpUMeceit, A Ajtan
JIXOHCOH M €ro KoJulerd y3Hamd, YTO eC/Id B PacTBOP C «OYHILUEHHBIMU»
HaHOTpYOKaMH NODABUTH KPeMHUEBBIH YMII CO ClIELMANLHBIMU KIEEBbIMU
MapKepaMH, TO HaHOTPYOKM cHOPMHUPYIOT TAKYI0 JEKTPUUECKYIO LieNb, KO-
TOPYIO 3apaHee HApUCOBAIM Ha YHME YYEHBIE.

«[10oKa U3BECTEH TO/BKO OAHMH CNIOCOD YCKOPEHMA MPOLECCOPOB: 3TO A0-
OasnerMe Bce ODONBIIETO W DOMBLIIErO YMCA TPaH3NCTOPoB. Ellle B Hayate
2000 r. nosTBMITHCH TPAH3UCTOPHI HA OCHOBE HAHOTPYBOK. BOT TOJIBKO MBI He
MOIJIM TOTOA CKOMIIOHOBATE M3 HUX TpoLeccopsl. Teneps NOABWICA BIIOJHE
PEabHBIN LHAHC coeJaTh KOMINbIOTEP HAa OCHOBE HaHOTPYGOK-TPaH3UCTO-
POB», — rOBOPUT B 3aKiouenue JIXKOHCOH.

PaBora uccnenosaTeneil uHaHcHposalach HalMOHaNbHBIM HayuyHBIM
obuecteom CIIIA n arentcTsom NASA.

LUramnya HaHOcCUCTEMb!'

B apcenane HaHOTEXHOJIOTOB MOSBWIACh HOBas TEXHOJIOTHS NPOM3BOACTBA
MMKPO- M HaHOCTPYKTYpP. Ee mpensapure/ibHoe Ha3zBaHMe — MevaTh MMKPO-
cmemienneM (microdisplacement printing). Ona nosBoJsier ¢ BHICOKOH TOM-
HOCTBI0 HAHOCUTH H2 MUKPO- M HAHOKOMMOHEHTbl OTACIbHBIE MOJEKYINbL.
B niepsy1o ouepe/ib neyaTb MHUKPOCMEIUEHMEM OyaeT NMPUMEHATHCS B HAHO-
9AEKTPOHHKE, TIPOU3BOACTBE YMIOB ¥ HaHOceHCOPOB. HoBas TexHonorus
ynoGHa ellle ¥ TeM, HTO B MPOLECCe NMPOU3BOACTBA MOXHO CO31aBaTb OUO-
JIMOTEKHN MOJEKYSAPHBIX IWAGI0HOB, KOTOpble 3HAUYMUTEALHO YIIPOCTAT KOH-
CTPYWPOBAHHE HAHOCHCTEM.

Hopas TexHonoruss oCHOBaHa Ha METOAE MHKPDOKOHTAKTHOTO IE4aTaHUs
(puc. 2.11). HM3rotoBneHne HaHOCTPYKTYD 3TNM ciocoboM He Tpefyer Haau-

' Nanotech-Now: New Microprinting Technique Irmproves Nanoscale Fabrication.

HImamnys nanocucmemeot Q)

Puc. 2.11. deMoBcTpaums
NeYaTH MMKPOCMELLEHNEM

.S +
o GooH
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Weerns!],

Yyud CBCpX'-IMCTOﬁ KOMHATH WM OPYIHMX CﬂeLlldCbH‘{CCKHX AJOPOroCTOALIMX
yeroBui. O0a METoa «TAMITYIOT» MOJEKYASApHEIE LUabloHBI pacTBOPOM
MOJIEKYN Ha MmoBepxHocTu. Tpouecc MOXHO CPABHUTD C TEM, KAK YMHOBHMK
CTaBMT TIeyaTh Ha Oymary.

«TTeqaTh MMKPOCMELIEHHEM MO3BOJMT HAM MCITONB30BATh PA3NMYHBIE TUITbI
MOJIEKY] OJIS TIPOU3BOJCTBAa HaHOCKHCTEM», — ropopuT Ilon Baiic, opuu 3
vccegoBaTenei. '

HepnocTaToOK MUKPOKOHTAKTHOM MeYaTH — YMEHDBUIEHME TOYHOCTH [1e4a-
Tanyg BONM3M YIJIOB LITAMIA — OTCYTCTBYET B HOBOM METO/E TIPOM3BONCTBA.
Ota npobnema pellleHa MyTeM HKCIOJB30BaHMA CaMOCOOHMPAIOLIMXCA MOHO-
MEPHBIX TUIEHOK, COAEPXALUMX MOJEKYb! alaMaHTaHa.

«Mbl obpabaTbiBaeM CyGCTPAT PacTBOPOM, COAEPXAIUMM 3TH MOJEKYIbI,
M BCKOPE OHM COOMpPAIOTCS B LENbHBIH MOHOMONEKYNAPHBIH CIO», — Mosic-
HsieT Baiic.

Kpome TOTO, YTO MnevyaTb MUKPOCMEWEHHUEM obecneymBacT BBICOKYIO TO4Y-
HOCTh, «Te4aTH» MOXHO 3apsiXaTb PasMYHBIMU TUIIAMH <«4epHWI». Tak
MOXHO COCTABJIATL BOMbiIMEe OUBAMOTEKH rOTOBbIX 00pa3LIoB, a 3aTeM ObIC-
TpO HAHOCWUTH UX Ha NOBEPXHOCTD.

[1poBecTi MccnenoBaHNnA ONpeneseHUs TOUHOCTH MONEKYNSIPHBIX OTTHC-
KOB Baﬁcy ¥ €ro KOMaHIa¢ noMoriaa KOJUIEKUHA BbICOKOTOUYHbLIX CKaHUPYIO-
WMX 2NEKTPOHHBIX MMKPOCKONOB, HaXoJsWasAcs B UX JabopaTopui.

«Ceityac Mbl 3aRsTHI pa3paboTKOI CTpaTeruii HCNOAL30BAHUS HOBOH TeX-
HOJOTUM, KOTOPBIE TNO3BOAAT NMPUMEHHUTDH €¢ He TOMLKO B XMMWHU HaHoILIe-
HOK W CYTIDAMOACKYIAPHBIX CTPYKTYD, HO d B HAHOSACKTPOHWKE, — obBAC-
HAeT Bajic. — Mo xotum npeonosiets Gapsep TouHOCTH B 1—100 HM M npu
3TOM CAENaTh NPOU3BOACTBO HAHOCUCTEM Gonee OBICTPBIM U ACLIEBbIMY.

I pum
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Komnauus TSMC o06bsiBMna o NnpoMbILIIEHHOM
BbiNyCKe 4unoB no 65-HaHomeTpoBOMy
Texnpoueccy K koHuy 2005 r.?

KoMmmanus Taiwan Semiconductor Manufacturing Co. Ltd. 3amycTuT Macco-
BOE 11POY3BOACTBO MUKPOIJIEKTPOHHBIX KOMITOHEHTOB T10 65-HAHOMETPOBO-
My Texaipoueccy 8 koHue 2005 r. Kaxk ckasan npesuieHT xoMnaHuu Moppuc
YaHr, pa3BuTHE TEXHOMOIHA MACCOBOIO NPOU3BOACTBA MO 65-HAHOMETPOBO-
MY TEXMpOUECCY OYAET CTOMTh KOMIAHMH OKONO 1 MApA AOLI. DTO BABOE
Gonbilie, yeMm passurue | 30-HaHOMETPOBOIrO Texnpoliecca KoMnaduein TSMC,
M1 OoAbWe HA TPETh, YeM pa3BUTHE MPOU3BOACTRA 1o 90-HAHOMETPOBOMY
Texrpoueccy, noscHun Yaur.

B 3tom roay xomrannst TSMC yxe morpatinia okono 400 mnH xosut. nHa
pa3BMTHE HOBOro 65-HaHOMETPOBOro Texmpolecca. B Havane 2004 r. komna-
HMA cosgayia TecToBbli SRAM-uumn ¢ HCMONb30BaHUEM 65-HaHOMETPOBOTO
Texnpouecca. Kak oObABKIA KOMIAHUA, UHTIBI, IPOU3BEAEHHBIE IO HOBOMY
TEXIPOUECCY, XApaKTEPU3YIOTCS HU3KUM 3Hepronorpe6ieHWeM U BLICOKOH
CKODOCTBIO paboThl. PYKOBOACTBO KOMITZHMM TAKOKE 3asiBWIO, YTO TIPOMbILL-
JIEHHOE ITPOM3BOACTBO N0 65-HAHOMETPOBOM TCXHOMOIHH € BHICOKOH CKOPOC-
THIO BbITYCKA TOTOBOLO NPOIYKTA MOSTBUTCS B MepBoit ronosuHe 2006 T.

Komrmanmsa TSMC yxe 0kono roga pazpabaTblBacT TEXHOIOTUM TPOMbILL-
JEHHOTO TPOM3BOACTBA 110 65-HAHOMETPOBOH TEXHONOIHH, DTOMY NEPUOTY NIpea-
[MECTBOBANMM ABa roaa HyHIAMEHTVIbHbIX HAYYHO-TTPUKIATHBIX MCCIIEI0BaAHMH.

YaHr oTMETKJ, 4TO KOMTIZHMS ceivac BEXET MOUCK NapTHEePOR ANS Lanb-
HEMLEro rpoMAILIIEHHOTO Pa3BUTHA 65-HaHOMETPOBOM TexHOsNOTHH. «Kor-
A KOMIaHUA CpeaHell PYKH TPaTUT ACCATKH MIWUIMOHOB JOANApOB Ha pa3-
BUTHE HOBOI TEXHOJOTHU, TO ITO [OKA3ATEND BBDKMBAEMOCTH XOMITaHUU HA
MEAIYHAPOAHOM pblHKe», — nobasun Yaur.

HP uz6aBut Mmmp OT TpaH3ncTopos?

B natGopatopun kBaHTOBLIX Mccaenoranuii (Quantum Science Research, QSR)
xomnauun Hewlett-Packard (HP) paspaborana HoBas TexHONOrvs NpPOM3-
BOJICTBA HAHODJIEKTPOHHBIX YCTPOHCTB. OHH, NO YTBEPXKIEHWIO aBTOPOB, B
HenasexoM GyaylieM MOTYT NPHIATH Ha CMEHY COBPEMEHHBIM KpeMHMEBbIM
yynaM.

Hosbie HaHOYCTpOMACTBA, HA3BaHHBIE MX Pa3palOTUMKOM, BEAYIUMM CO-
TpyanukoM QSR Punom Kuiokecom, crossbar latches («nonepeunsie Tpur-
FEPLI» WAN <«3aARMXKM-[IEPEMBIYKH»), YIKE CETOAHS MOTYT MCIOAL30BATHCS
JUTA BBIYUCAMTENbLHBIX ONIEpaluii B MUKPONIPOUECCOpax, T.€. BHIMOJTHATL (PyH-
KIHW TPagMUMOHHbIX KPEMHHUEBBIX TPAH3UCTOPOB. BaxHeliliee Xe WX OTIIH-

! Hoeoctu HanotexHonorui. XKypran HMCT. 2005. Ne 2.
2 KypHan «2Kcnepr.

HP usbasum mup om mpaﬂaucmopde 5\9

Ype OT MOCAEAHHX — pajMep, KOTOPbIH y ya10B-Craex B «IIepeMBraKax» co-
CTaBJAET BCEro 2—3 HM, TOTHA KakK Y JYUMX KPEMHUERLIX aHAIOTOB OH He
MeHbwe 60 Hm.

«[lonepeyHble TpUITEpb» NPEACTABNSTIOT cODOi pellIeTKY M3 MMKDPOCKO-
NHYECKUX TUTAaTHHOBBLIX NPOBOJIOUEK, COENWHEHHBIX APYT ¢ APYTOM B MECTax
NepeceyeHUA C NOMOLUBIO MOJEKYASAPHOTO CJIOS OBBLIYHBIX YIIEBOEOPOAHBIX
KneaotT. Tlono®HoO craHAapTHOMY TPAH3KCTOPY, HOBas HAHOCTPYKTYpa Cno-
coOHa ABOAKHUM 00pa3oM pearipoRaTh HA 3JIEKTPUUECKMIL CHUTHAN, NPOXOaA-
WHHA Yepe3 y310Bble TOYKH.

BoT yTo ckasan oavH M3 BeAYLMX OPUTAHCKHMX IKCIEPTOB B chepe HaHo-
TexHonormit npodeccop HoTruHremckoro yHusepcutera @umumm Mopu-
apt: «[IpeanoxerHass HP cxeMa — camMas nepcnekTHBHAY W3 UMCIOIUXCS K
HAaCTOsIUIEMY BPeMEHY pa3paboToK B MOJIEKYIIpHOM JieKTporuke. Ecnu ame-
PUKAHCKKE TEXHONOIHM CMOIYT HalTH 3dbdexkTHBHEIE METONBl ¢ KOMOMHU-
POBAHHMA C XMOZAMH WITH DPE3UCTOPAMM, UTOTOBEIM MPOAYKT MOXET CTaTb
0430BOM COCTABNAIOWIEH YHUBEPCAILHLIX KOMITLIOTEPOB OYAYyLIETro».

e apyrie BaxHeitive 3afavyyl, KOTOPHIE elle MPEencTOUT PelUUTh HC-
caeposarensiM U3 QSR, — peaxoe yBenuueHHe CPeTHEro Cpoxa CIyXObl Ho-
BLIX YCTPOMCTB (MOKa «3aJBUXKEK-1EPEMEIUEK>» XBATAET TOJBKO HA HECKOJb-
KO COTEH KOMITBIOTEPHbBIX LMKJIOB) M YBEIUYEHHUE MX TAaKTOBOM 4acTOTh (MO
CKOPOCTH BKIKOYEHMS-BLLKIIGUERUS! TJIATUHOBO~KUCIOTHBIE TPUITEPDE TIPO-
WITPBIBAIOT CHIIMKOHOBLIM COOPATHAM B HECKOIBLKO ThICA' pa3).

Tlo cnopam ampektopa QSR Crana Yunpamca, KOMNAHUS MNAHHPYET
KOMMEDUMANM30BATE HOBYIO TeXHOIOTHI0 K 2012 r. Bnipouem, He3aBUCUMO
OT TOrO, YAACTCS WIM HET aMEPUKAHCKUM M30GDETATENIAM CIPABUTBCA C
ITUMM NPOOIEMaMU B 3aSIBJIEHHbBIE CDOKM, CKOPOe MpUILECTBME TPUHLIH-
TTHaNbHO HOBBIX CYOMHMKPOMETPOBRBIX KOMIbIOTEPOB HeuabexHo. DPusnyec-
KMC TIDEASNb! MHUHHATIOPH3ALMH KPEMHUCBBIX YUIIOB MPAKTUUECKH HOC-
TUCHYTR — TIO OLIEHKaM CIIELIMANNCTOB, NPECHOBYTBIH «CHIHKOMOBbLIN
nepnaisd» HactynmuT B 2020—2021 rr.

AKTHBHBIH MOMUCK aMLTCPHATUB KPEMHIEBLIM TEXHOMOTHAM CETOAHS MIET
BO MHOTMX MCCJIeIOBATEeNLCKMX NabopaTopusx, [To Bceit BUAMMOCTH, YKE B
TIEPBOHA JTOJIOBUHE CREAYIOUICTO JECATIIETUS HO/DKHbI TIOSBUTHCS TaK Halbl-
BaeMbIC MMOPHAHBIC HHITBI, COYETAIOUIHE B CBOEH CTPYKTYPE KaK TpazuLHOH-
Hble KPEMHMUEBLIE DNEMENTDI, TAK ¥ HOBBle MaTEpHaibl (BIOAHE BO3IMOXHO,
YTO YMMK CTAHYT KAK Pa3 TUIATHHOBO-KMCJOTHbie Tpurrepsl HP). A yxe K
Hayany 2020-x rr. MOXeT HacTYTIMTh HECHJIHKOHOBAsI 3pa.
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HAHOOATYMKM
Y HAHOYCTPOWCTBA

NMpoexT HaHOMeXaHW4ecKoro BeHTuns'

g Toro uTobsl co3nath paboTocnoCobHbIE HAHOCHCTEME! (PEAYKTOPLI, MTOX-
WUNHHUKHA U Ip.), HEOOXOAWMO UMETh MAaTEMATHYECKYKO MOAEL, KOTOpast y4u-
TBIBACT B3aUMOEHCTBHS oTaenbHBIX aToMOB. Ho Tak Kak 311 yerpoiicTsa oObI4-
HO COCTOSAIT M3 HECKONBKMX ThICAY aTOMOB, TO MATEMATHYECKOE MOJEJINPOBAHNE
TAKOJ1 CNOXHONH CUCTEMBI MpeAcTaBAsieT OMPencIeHHbIE TPYAHOCTH.

Yyensle u3 KanudopHnickoro UHCTUTYTa TEXHONOIMM HALLUTM KOMITPO-
MUCC: OHH COEAMHHAM KIIACCUUECKME MIDKEHEPHBIE NIPUEMbl C MOJEKYNIp-
HbIM MOAC/IMPOBAHUEM /UL TOTO, 4TOOb! CNPOESKTUPOBATh HAHOMEXAHHYIEC~
KM BEHTUAb HNS KMUKOCTEH. DTO YCTPOUCTBO MOXET C YCITEXOM MCIIQ/b-
30BaThCS B JAOCTABKE J1eKADCTB, OMOJOTHYECKMX M XMMUUECKMX TecTaX, B
KAYECTBE MHXEKTOpa MUl MHKpPO- W HAHOABMIATeREH W JaXe B CTPYMHBIX
TIPUHTEpaX.

OCHOBa BeHTHIN — KPEMHMEBAsA ORHOCNOMHAaA HaHOTPybxa. OHa urpaer
PONb «INAHTE», MO KOTOPOMY MPOTEKaeT XiaKocTb. Ha HanoTpyOKy onupa-
€TCSt KOBCOJIb, KOTOpask MOXeT AaBUTE Ha HAHOTPYOKy. Kak Tonbko Heobxo-
OMMO TIpEKpaTUTh NPOTeKAHHE XUAKOCTH Yeped HAHOTPYOKY, KOHCOAb [Ae-
dhopMupyeTcs, nepexuMas HaHOTPYOKY HACTOBKO, YTO XUIKOCTh HE TEYeT.

KOHCOJIbL TOKPEITA CBEPXY OPraHMUYECKHM CI0EM aKPUIOBOH KHCITOTHI.
Bce ycrpoicTBo OyaeT HaxonnTbCs B XMOKOCTH € MU3MEHSIOLIMMCA pH.
Kak Tonbxo pH oKpyxXaloillei cpelibl TOBBICUTCS, CYMMAapHbIi 3apsAA KOH-
cond OyOeT HeraTUBHbIM (BCAEACTBHE OTOOPA NPOTOHOB OPraHWUYECKOTO
cnog). DTOT U30BITOUHEIR OTPHUATEAbHbIH 3apsifl MOXET BLI3BATH Kedop-
Maiuuio KOHconn. Kak toabko pH BepHETCSI B HOPMY, OPraHUUYECKH il croi
TIONYYUT BOTNOJHUTENbHBIE MPOTOHB M KOHCOAbL BhINpsIMUTCH (puc. 3.1).
Jns naneceHMs1 AKpHIIOBOrO CNOSt Ha KPEMHMWEBYIO KOHCONb YYEHbie Npel-
JIATaioT KUCIOIb30BATD CrIEUMaNbHO MOAMDWLHPOBAHHYIO KDEMHHEBYIO MO-
BepxHocTh — Si (100).

B 310M npoexTe MCCNeaoBaTe]N UCONB30BANY KIACCHYECKNE HHXEHED-
Hbl& METOAMKM VI OINMPENENEHHA KOHCTPYKUIMH YCTPOWCTBA U MOJEKYNAp-
HOE MOIENRPOBaHiie 1A TOTO, WTOOkl Y3HATE, KAK HaHOTPYOKa noseaery ceds

' Hosocry HanorexHonorwi. XKypdan HMCT. 2005. Ne 1.

Hpoe/cm HAROMEXAHUMCCKO20 GEHMILIS
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Bentnnb «co CBOOOAHMM KOHUOM»

Prc. 3.1. TIpHHUMN feficTBUSI HAaHOMEXAHMUECKOro BEHTHIS

n04 JERCTBUEM HArpy3KH CO CTOPOHBI KOHCOJM. Paamep ynpasnsiemoro Ben-
™ Gyser ot 34,5 no 70 HM B ANKMHY, 2 Bce YCTPOHCTBO ueNHKom Gyaer
coctostTh U3 75 000 aTtomoB.

st 1pOM3BOACTBA MPOTOTUITA YCTPOHCTBA HYKHO PELLUTL e1Ie psiA Tex-
HONOMHYECKHX MPOGAeM: HaHeceHMe OpTaHMYEeCKOro cjIof Ha KPEMHUEBYIO
KOHCOJIL; COEAMHEHME KOHCONH C HaHOTPYOKOH, a TaKXKe MPOM3BOACTBO o
COCQUHEHME ¢ BEHTMIEM pelepByapa KMAKOCTH.

ORHO M3 NPUMEHEHWI HOBOTO ycTpo#cTea — Hanoc6opka. Tounbie nop-
LM «CTPORTENLHOTO MatepHanar MOTYT AOCTABASTECS HEMOCPEACTBEHHO K
HAHOMARHHMITYASATOPAM U MOJNCKYJSIPHEIM KOHBeHepam.

Crpyiirble RPUHTEPD! C BLICOKMM Pa3pelicHUEM rieyaTy CMOTYT TOS(BUTh-~
CAl Ha PBIHKE YK€ 4epe3 TP r04a Mocae Npou3BOACTBA NPOTOTHNA BEHTH-
JISl. A BOT UCIO/Ib3OBAHUA €10 B HOCTABKE JIEKAPCTB MOXHO OXWIATh TONb-
X0 yepe3 10 nerT.

OnHako npoToTHN YCTPOMCTRA GYNET CO3AH He paHee YeM Ha cieay-
IOIW#A TOO — TaK 3agBASIOT YYEHBIE M3 Kanudopuuiickoro MucTuTyTa
TEXHONOIWH,
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HaHo3anekTpomexaHudyeckumi
OAHO3NIEKTPOHHbBINA TPAH3UCTOP C
«MEeXaHUYeCKO PYKOi»'

[Tpodeccopom Pobeprom Bnaitkom us Buckoncuna (CLIA) M ero xosneroit
Homurukom [le6nn w3 Mionxenckoro ynupepcutera (Iepmanus) cosnan
NPIHUMTTNANBHO HOBBIH JMEKTPOMEXAHMECKIA ORHORNEKTPOHHLIR TPan-
3UCTOP C «MEXAHWYECKOHN PYKOIt», KOTOPASI MEPEHOCHT OTALNBHBIE IACKTPO-
HblL OT UCTOKA K CTOKY.

Panee (8 2001 r.) Braiik yxe npeacrasnan paboumil anexTpoMexanyec-
KW OCIIUIATOP, KOTOPbIA BMOPHPOBan B NMATIA30He PAIHOUACTOT U MOT
NMEPEHOCUTh OTIENbHbIE NEKTPOHBl OT OAHONO BMEKTPONA K APYTOMY TIpH
aKTHBALMM «MEXaHM4eCKON DYKM» yCTpoitcraa (T.e. paboTaTh xak TpaH3Wc-
Top). Ycranoska bnalika n3obpaxeHa Ha puc. 3.2.

Prc. 3.2. Hanomexanuyec-
KA ocuwaTop baadika

- _
g—
‘Muxagqecuﬂ t y

pyxa”
1 MKM

g

B LEHTPE YCTPOMCTBA — BUOPUDYIOUIUI MAATHUK, KOTODHIN GhUI HA3BAH
bnalikoM «3aNeKTPOHHBIM YEIHOKOM», a XYPHATMCTAMU — «MEXaHUYSCKO
pykoit». Ecin mexay Touxamu Gl u G2 npunoxuTh NepeMeHHOe Harpsuxe-
HYE, TO MASITHMK BYAST KOAEBATLEs € YACTOTOM, TIPOTIOPLMOHANLHOM 4acTO-
T€ NEPEMEHHOT0 HanpskeHus. B paboyem ycTpoicrTse MasTHMK Konebarcs
¢ yacroroif B 100 MT'u. MaatHik C 3/eKTpHyYecKky H30IUPOBaK OT MNCKTPO-
oo Gl, G2, S w D w 3azemied. Daekrpoas! S u D npencrasisor cobolt
MCTOK M CTOX TPAH3WUCTOPA COOTBETCTBEHHO. Kak TobkO MagTHMK Xacaercs
SNEKTPOLA S, Ha ETO NOBEPXHOCTb BRArOAaps TYHHEABHOMY S(ibexTy nepe-
HOCHUTCS OMMH IMEKTPOH, KOTOPhIA 3aTeM nepenaeTcss ¢ NOMOWIbIo Koseba-
Huii MafTHHKa Ha snekTpoa D. Ha cxeme nokasan WCTOWHUK HanpsoKeHMst
TpaH3ucTopa Vi, M npuGop, ¢ NMOMOWBKD KOTOPOTO MCCAENOBATEAU MOIM
HabONATh 32 MEPEHOCOM 3NEKTPOHOB [ .

I Hopocrn nanotexwonorui, Xypuan HMCT. 2005, Ne |

HanosnexmpoMexanuueckul mpan3ucmop ¢ «MexXanuiecko pyKo» \)

OcLwinaTop MCCHEOBATENH M3rOTOBWAM U3 KPEMHHSA TIO TeXHONOIUMY
SO1 (silicon-on-insulator). YCcrpoicTBO MpoOM3BOANAOCHL B HECKONBKO 3Ta-
rnoB. CHayana MCCIeaoBaTeln ¢ MOMOIUBIO IMEKTPOHHO-JIyYeBOM TUTOrpa-
UM HAHECAM HA KPEMHMEBYIO TNOBEPXHOCTL 30J0TYIO MACKy, KOTopas Io-
BTOPANA TEOMETPHIO YCTPOMCTBA, a TAKXKE IIOMUHWCBYIO Macky TPABJIEHUS
(ans TeX yyacTKOB Ha MaTpuue, KOTOpble Halo ylanuTh). anec ObLn Bbi-
TPaBNeH MeXaHWYeCKuli MasITHUK (MoCpescTBOM KOMOMHALMM MOKPOTro M
cyxoro Tpapieuusn). M B 3akoueHHMe MCCTEAOBATE/IH BLITPABWIIN TYHHEb-
Hbl€ KOHTaKTbl MaATHHKA (C TOUHOCTEIO 00 10 HM).

[epnble OMBITHI [10 3AMMYCKY TPAHIUCTOPA WCCNENOBATENH MPOBEIH IpU
KOMHATHOJ TeMneparype. Hanpsoxkerue, npusonsuiee B ABWKEHHE ManT-
HUK, 610 £ 3 B. TlyreM u3MeHeHMST YACTOTbl MASATHMKA WCCICIOBATCIH
OfPENEAUAY ONTUMANbHBIE 3HAUCHUA JULL TICPEHOCA BMEKTPOHOB MasTHU-
KOM. PaccrosHne mexuy anexktpoaaMu S u D cocrasuao 300 HM, a eMKOCTL
riepexofa S — D cocrasuna 84 arrodapansi. Tlpn Hanpaxenun Vg, = -+1 B
MagTHMK Mor repeHecTd +527 anextponos. Ho 5To posonbHo MHoro. Ma-
MEHHMB HarpsHKeHUe, moAaBaeMoe Ha TpaHsucrop, Braik nodwicsa addexra
TiepeHoca OTREbHOTO 3eKTpoHa. Jlaiee UCCNeaoBaTeN CHU3WIN TeMNeEpa-
Typy yerpoicersa 00 12 K. M yyT oHM OOHapyXIWIK, 4T0 YCTPOHCTRBO BEAEST
ce0s1 no-apyroMy. [IpoTeCTHPOBaB TPAaH3IUCTOP Ha Psae 3HAYEHUH Hammpsike-
Husa Vg (ot 0 1o 10 MB) W u3meHsas 9acToTy BMWOpauMu MasaTHMKA, OHU
OTMETWIIH, YTO NPH YaCTOTe BUOPALIHK «MEXaHWYECKO pyku» B [20 MTU oH
BeleT cebsl Kak M NPH KOMHATHOM TeMreparype. Bugumo, ato obbsicHUIOCH
BIUSIHUEM TErUTOBBIX 3((HEKTOB, KOTOPHIE CHALHO NPOSBISUTACE ITPH KOM-
HaTHOU Temnepatype. JaisHeiiiee cHnkeHne TeMepatypbl 0o 4 K He aano
HWKAKUX pe3yAsTaTOB — TPAH3KUCTOP OTKa3al, TaK KakK ero MasTHUK cTan
XECTUE M MOTEPSUICS TYHHEbHBIA KOHTAKT MEXLy anexTpoaamn S 1 D.

B OGbIYHEIX MWKPOANEKTPOHHBIX TPAaH3UCTOPAaX MEPEHOCUTCA OKOJIO
100 000 35exTPOHOB WIS TOIO, 4TOOBl 0OECMEUUTb COCTOSIHUE «l» Man «O».
B HOBOM 3J¢KTPOMEXAHUYECKOM TPAH3UCTOPE 3TY pPOb BHITONHSET ONAH
ekTPOH. TIpenMyliecTsa HOBOTO YCTPORCTBA — B OTCYTCTBHMH TEIUIOBHIX
LIYMOB, TaK KaK CTOK W UCTOK (br3UuecKM pasfenenbl. Takoke yMEHbLUTCS
IHEPTOMOTPEONEHUE YCTPONRCTBA, CODPAHHOrO Ha 3TUX TPAaH3UCTOPAx.

MNprMerHeHue MaaTHMKa B KAYeCTBE TTEPEHOCYMKA SJEKTPOHOB [TO3BOSIUT
TP4H3UCTOPY padoTaTb B YCITOBHMSIX MOBBLIIUEHHON PaTUOaKTHUBHOCTH, FORO-
puT Braaik. [1o3TOMY OAHUM M3 JIDUMEHEHHUIN MEXAHOTPAH3UCTOPA CTAHET
CITYTHUKOBAs) SJEKTPOHUKA.

Jletom 2004 r. braiik 1 Hle6nu paspaboTary TeXHOJIOTHIO, TIO KOTOPOH
fIPOMU3BOAMTE TAaKOH TPAH3NCTOP cTamo Ipoiue. Tpansucrop 2001 r. Henbas
ObLIO MOCTABUTL HA MOTOK, & TpaHsuctop 2004 r. — moxyo. [TpoussoacTeo
M0 HOBO# TEXHOJOTMH CBOAMTCA BCETO K ABYM LUAIaM; DJIEKTPOHHOM AMTOT-
padun u TpaeneHmoo. Kak rosoput Bnaiik: «[louemy mul He goayManuch ao
310r0 pansiue [B 2001 r.] — HUKAK HEe MOXEM [MOHATb». YUeHbIC 3anaTeHTO-
BaNH MPOK3BOACTBEHHbIA IPOLECC ¥ CaM TPaH3UCTOP.
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HaHomeXxaHnveckan namMmsaTbe BCKOPE 3aMEHMUT
TPAAUMUVNOHHYIO MArHUTHYIO'

Hopas TexHOM0MMS He NpeanoilaraeT BO3BpaTa K nepdokapTam v noaobHsIM
HEMArHUTHbIM crocobam xpanenus uHpopmauvu. C 2000 r. npodeccop
du3suku bocroHckoro yruesepcuteta Iputnpsit MoxanTy crapaics ¢o3aaTh
Bonee sPdeKTHBHBIE CHCTEMBI XpaHEHUA MHMDOPMAIIMM HA OCHOBE HaHOMe-
XaHUYECKIX OCUWLUIATOPOB. MOXAHTH W3roTOBHI MEXaHUYECKHE AYEHKH
MaMATH U3 KpemHus, kotopble B 1000 pa3 MeHbllle MamMeTpa YenoBeyecKoro
BOJIOCA,

Ecnu UCionL3oBaTh 3TH HaHOYCTPOMCTBA B KauecTse 3JEMEHTOB XpaHe-
HUA WHOOPMALIMKM, TO NOAYYEHHAs MeXaHuyecKas faMATh OyieT BuiroaHee
10 IUTOTHOCTH WH(HOPMAaUMH, YeM COBPEMEHHbIE BEKTPOMAIrHUTHLIE CHICTe-
Mbl. MOXaHTH 3asiBRN, YTO MeXaHOMamsiTe OBrOHUT IO EMKOCTH Haxe Te
MATHWTHBIE YCTDOMCTBA, KOTOPRIC 110 HBIHEWIHHM TeXHOAOTHSM W3TOTOBjJe-
HUs NpubmekalTea K QU3HISCKOMY Mpelesry TUIOTHOCTH BH(MOPMAUMN 15
MarHUTHBIX YCTpoMCcTB. MexaHomaMaTh MoXeT paboTaTh, BbITOIHSAS MWUL-
OHH M MWLIMAPAb! UMKJIOB B ceKyHAy. Taxoke MoxaHTW cKaszan, uToO Mexa-
HUYECKHE KITIOYH HOBOU MAMATH TTOTPeOASIOT B MU/UTHOH Pa3 MEHBILE 3Hep-
IHM, 4EM MX 3JIEKTPOHHBIE AHATOTH. «DTO GyayLUHI HOBbIA UIPOK Ha PbIHKE
YCTPOMCTB xpaHeHwns uHbopMannu, — obbsacHWI MoxaHTy. — BasB crapsie
TIPMHLUMNILI 32 OCHOBY M BOCIMONL30BABUINCE TOCHCIHUMH AOCTHXKEHHAMY B
o0snacTH MMKpo3NeKkTpoMexaHuueckux cucreM (MOMC) U HaHOTEXHONO-
THH, Mbl MOXEM IMPOH3BOAMTL KOMILIOTEPHYIO TIAMATh, KOTOpas ByaseT Obic-
Tpee, ACLUERNIe U MEHblIE COBPEMCHHOH 9JEKTPOHHOM. 3TH HAHOMEXAHW-
YecKHe YCTPORCTBA — HOBOE CIOBO B 0ONACTH XpaHEHMA JaHHBIX».

C NoMoIwb0 SAEKTPOHHO-JIYYEBON TUTOrpadNy UCCASAOBATENM CAE/IA-
M «abnoH» A8 MATPULBl MEXAHMUYECKUX KITIOUEN M BBITPABMIM HUX W3
MOHOKPHUCTAIIHYECKOTO €108 KPEMHHUS, MOKPBLITOrO COEM OKCUIA KDEM-
HMS. DNCKTPOHHO-IyUeBas aMTorpadusa yxe AaBHO ucrronbsyercs MOMC-
M HAHOTEXHOJIOraMW B KAYeCTBE OCHOBHOrO INPOM3BOJICTBEHHOTO HHCTPY-
MEHTa. OHa TAKXKE ABIACTCA QCHOBHBLIM MHCTPYMEHTOM AAs1 TPOU3BOACTBA
MWKPO3JEKTPOHHBIX CXEM; €10 IIOJNL3YIOTCI NMPH MACCOBOM HPOMUIBOIACTBE
MHMKPOCXeM M NpoueccopoB. Tak YTo Ajis1 MacCOBOTO MPOU3BOIACTBE MEXa-
HOTaMATH He HYXXHO OyaeT WMCHO/Jb30BaTh AOMNOJHUTENbHbIE YCTPOHCTRA,
FOTOBBIH NPOAYKT MOXHO MNPOM3BOAMTL Ha yXe UMeloleMcs obopyloBa-
HuU (puc. 3.3).

OpuHoyHast sueHka naMsATH COCTOMT H3 CTPYHbl HAHOMETPOBBLIX pasMe-
pOB, KOTOpast MpuU BO3NEHCTBUM HA €€ KOHUb!I BHICOKOYACTOTHOLO HATIPSIKE-
HUA (C 4aCcTOTOM B HECKONbKO merarepn) uarubaercs. [pu onpenesieHHOMR
AMIUIUTYAE HaNPOKEHUS CTPYHA NPHHUMAET OIHO {3 KOHEYHBIX COCTOSHUH
(«1» mam «0s), UTO KaK pa3 HYXHO IS XpaHEHHMs. UH(pOpMaLuy.

' Hosocrid HanoTexHoXoruit. Kypuan HMCT. 2005. Ne 1.

Mexanutecrkan namams ua ochose HIMC \)

Puc. 3.3. OcHOBa MEXaHOMAaMATH — OCLILIATOD

ManeHbKkHUe pa3Mepbl YCTPOHACTBA TIO3BOJLIOT €My AOCTUYb BbICOKOUYAC-
TOTHBIX BUOpauHit (B onbrrax — Ao 23,57 MI'n). 3ra yacrora OTpaxaeT
CKOPOCTH YTEHMsl 3anucaHAoil uadopMauun. Ins cpaBHeHus, BUHYECTE-
pbl B COBPEMEHHBIX HOYTDYKax XAPAaKTEPHM3YIOTCA CKOPOCThIO CYMUTHIBAHMS
HHOOPMALHBU B HECKOALKO COTEH KHMJIOTEPLL (ThlcHya LUUKIOB B CEKYHIY).
UccnenopaTtenn 3aBepaioT, UTO HAHOMEXAHWYECKME KIIOUH MOTYT AOCTHYb
CKOPOCTH A0 MALIMAPAA LUMXI0B B cexyHNY. Ilpu 3ToM ux pasmepbl MOIyT
HLITH MEHBILE TEX, KOTOPhle M3TOTORNEHB! DKCNepuMeHTanbHo MOXaHTH U
KOMAHOOM.

Ipyrhe MperMyluecTBa HAHOMEXaHWKH Neped HAaHO3IeKTPOHANKOMH 3a-
KIIOYAYOTCAd B TOM, MTO AHAara3oH BMOpauMM HaHOCTPYHBI COCTABIAECT He-
CKOMbKO aHreTpemoB. [Uts subpauMu B TaKOM AMana3oHe ycTpoHCTBO Mo-
TpebasieT BCETO HECKONAbKO (EMTOBATT INEKTPOIHEPTHH, B TO BPEMS Kak
COBPEMEHHMBIE KHIOUH NOTPEBAAIOT MIULUIMBATTB, MexaHNUecKast NaMATh Tak-
K¢ CBOGOJHA OT OTpaHMYEHHIL CyrnepnapamardHHTHOro a¢gdekra, KOTOPbIHA
onpedensieT rpaHMUUHbIE pasMepbl MarMuTHOH namaru. Iamsrs HA MeEXaHo-
TPAH3UCTOPaX MOXET CYLIECTBEHHO NPEBBICUTL TAOTHOCTh XPaHEHMA WH-
dbopmaupm oxono 100 I6UT Ha KBaApaTHBIA MIOAM.

TexHUUECKOE ONMUCAHUE HOBOH TEXHOIOIMU, XAPAKTEPUCTHKH U M300pa-
KEHWUA MeXaH IECKMX TUEEK MAMATH AaHbl B selnycke Applied Physics Letters
ot 18 oxrs6pa 2004 r. PaGorsl QuHaHCHPOBAIUCE TPAHTOM OT NPOTrpaMMbl
10 HAHOTEXHOMOrHMYECKMM HceenoBaHuam National Science Foundation, a
TakKe rpaHToM 0T Munucrepctea oGopoHsl CILIA.

MexaHuvyeckaa namaTb Ha ocHose HOMC!

OcHOBa MEXaHOJMEKTPHUECKON MOMEKYASIPHON ZMCKTPOHMKHU — MOJIEKY-
Jibl, KOTOpHIE NPU BO3JEWUCTBHU M3BHE MOLYT M3MEHATL CBOE IACKTPUHEC-
KOE COCTOSHUE WK KoHburypaunio. Mccnenosarenu w3 KanupopHHitcko-

| Nanotechnology-Now: Rapid Progress Reported In Emerging Field Of Molecu!ar
Electronics; Stoddart Supramolecular Chemistry Group, UCLA: Molecular Electronics
(18 nexa6psa 2004 r.).
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IO MHCTUTYTA AABHO 3aHHMAIOTCS MEXaHOAMEKTPUUECKHMU CHUCTEMAMH, Ha
OCHOBE KOTOPbIX MOXHO CO3NATh PSII HAHOINEKTPOMEXAHUYECKUX CUCTEM
(HDMC): akTioaTopbl ¥ MexaHWUYecKylo TaMaTh. O TOCHEAHNX JOCTIIKE-
HHSX B OTOH 00JJACTH Y4EHbBIE JOMOXUIN B AeKaOPbCKOM BBITTYCKE XYypHana
Science 2004 r. — o HOMC, ¢ noMo1ubio KOTOPLIX WCCIEAOBATENH HaAe-
IOTCSl CO31aTb MEXaHOMIEKTPHUECKYIO MaMsITh.

«CoBpeMeHHAas MOJIEKYISIpHAS 3MEKTPOHHKA HAXOAMUTCS B 3aPOLbILLE-
BOM cocTosiHuy, — ropoput Amap @mya, uccaenorareib 3 UCLA v ag-
Top nybsmuxkaunu B Science. — HeoOXOAHMO 1TOSCHUTE, YTO MOJEKYJISIp-
HAasl 3NeKTPOHUKA — 3TO KOMOUHALMS aKTHBHBIX MOJNECKYN U DIEKTPOHHBIX
cxeMm. [Toka ewe paHO TMOBOPUTL O TOM, KaK OBICTPO pe3yJbTATH 3TOH
“cranp0bl” MOSBATCS HA PBIHKE, HO €€ BKJAM B PA3BUTHUE HAYKH YXKE OUe-
BHIOCH». -

OOHO M3 NepBLIX NPUMEHECHNHA MOJCKYNSAPHBIX MalUWH, KOTODHIE YXKE
M3TOTOBICHBI YYEHBIMH, — MEXAHOINEKTPHUECKAS [1aMsTh. [IepBble MONbITKA
CO30aTh U3 OTHENBHBIX MOJEKYJ MeXaHMUECKHe CHCTeMbl OLUIM [peanpu-
el Oaynom, CromnaproM M UX KoMadno# ewe B 1996 r. B cepennte
2004 r. uMm ynanoch co3gaTh MOJIEKYISpHEIR anepatop — HOMC, koTopas
COCTOUT W3 CTEPXHS M MONeKyAul-nudra. [Ipy moaaue 3aEKTPUYECKOro
TNOTeHIIHANA Ha 3MCBATOP MOJIEKYNA-NTUQT MepeaByranach BIOAbL CTEPXHSI.
HanpasneHue ABIIKEHUs dNEBATOpPa MOXHO OBUIO M3MEHUTH, NEPEKIIOUMB
NONSAPHOCTL aKTUBMPYIOlIEro MoTeHuMana. PaznuuHble THHLI 31€BaTOPOB
MOXHO YBUAETHL Ha puc. 3.4.

Hyxno ormeTtuts, uto 31a HOMUC akTUBMPYETCSt HE TOJBKO JNEKT-
DHYECTBOM, HO M CBETOBOH 3HEPTrHEH, a4 TAKXKE ONpeaeseHHbIME XUMH-
YEeCKUMHM KaTanuszaTopaMu. B xauectse sud)ra B cucremMe 1-ro Tuna yue-
Hble MCIOMbL30BATH MOJEKYY NMPABUNLHOIO POTAKCAHA, B CHCTeME 2-TO
TUTa — MOJIEKYJY KAaTeHaHa ¥ B CUCTEME 3-r0 THUTa — MOJIEKYIY TICEBIO-
porakcaHa.

Tun 1 Twun 2
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Pac. 3.5. AKTHBaUMA MONEKyJl POTAKCAHA M KaTeHaHa

OV MOMEKyAb! OCOOCHHBI TeM, UTO TIPK 3aXBaTe MOJEKYIOH 2JeKTPOHa
OHA MOXET M3MEHWTh CBOW SHEPTETUMECKWH TOTEHIHAN, 4 HAXOASACh B CO-
CTaBe HAHOCUCTEMBI — M3MEHWTH MTOJIOXKEHHE B MPOCTPAHCTBE. Tax, pOTaK-
CAHBI B HAHOCUCTEMAX ABMXKYTCS JIMHEITHO, B TO BpeMsl KaK KaTeHaHbl Bpa-
L1AIOTCSl BOKPYT OCH CTEPXKHS, Ha KOTOPOM HaxodsiTcst (puc. 3.5).

DTOT Xe TPHHLMI TPUMEHSIICT MCCIENOBATENSIMH [IPH KOHCTPYUpOBa-
Huy namMari. Kak rosopur ®aya, oHM cnpoekTHpoBaad 64-6uTHylo RAM-
mamaTe Ha ocHope HOMC-aueek, ucnonbsylowmx porakcansl. [Ipu aTom
pasMepbl HOBO# MamsTH OblOT peKopibl, YyCTAHOBNEeHHblE 3aKOHOM Mypa.

Osrya u CToanapT yXe CO3AaNd 3IEMEHTAPHYIO AYEHKY TTaMATH, KOTOpas
MEPEKITIONAETCH B JIOMMUECKOE COCTOsSHHME «l» U «0» Npd rogaue Ha Hee
ANeKTpHUecKOro noteHumana. Ha puc. 3.6 MOXHO BWAETh NPUHUMN ACi-
creun HOBOHM HIOMC-namaru.

4 Puc. 3.6. Mouenbs Mosekynsp-
BOW NaMATH Ha OCHOBE MOJIe-
= KYJl pOTaKCaAHOB
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«Korma Mel nopanu MONOXUTENBHBIA UMITYJILC Ha SUEKy, MOfieKyaa po-
TAKCaHA NEPeABUHYJIACh B COCTOSIHUE «|», a Korga Mbl M3MEHWITM NOASAP-
HOCTh HanpsOKeHWs, OHa fEpeMecTHIacs K NMOAOXEHHIO, 0D0o3HavdalLeMy
«)», — ckasan CroanapT. — Mu nposepwiy paboTy yCTpoiiCTBa, 3aCTaBUB
ero ANHTeJILHO Nepekioyathes. IIpu 3TOM MBI CMOTIM MEHSITh CKOPOCTb
nepexTodeHus! Mbl H3MeHsnu yacroTy nepeknovenua ot 10 000 pas B ce-
KyHay £o 10 pas. TIpu 3TOM, KOraa MONEKY/bl HAXOAWAUCE B PA3HbIX CPEIaXx,
CKOPOCTh MEepEKITIOHEHUS TAKKE MEHSIACh»,

Camoe MHTEpecHOE B MCCNIEIOBAHMM COCTOUT B TOM, YTO, YUCIONL3Ys pas-
JIMYHBIE TIOTMMEPBI B Ka4ECTEEG OCHOBDBI AN TIEPEMEILEHVST POTAKCAHOB, yue-
Hble [OOWIHChL W3MEHEHUs LiBeTa MOJEKYht (T.e. U3MEHCHME B M3TYUaeMOM
ceere). B onbiTe NPUMEHANMCh NEPEKIOYATETH ¢ KpAcHoro Ha 3eseHslil. [lo
cnosaM CTonpapra, HOBbIE YCTPOMCTBA MOTYT pabotars naxe B ancrinesx! Ilpn
3TOM AMCIUIEN OYXYT MEXAHUYECKUMM, T.€. IPUHUMITHATEHO HOBLIMH [ CO-
BPEMEHHON KOMMBIOTEPHONW npoMbiutteHHocTH! HO KOHE4YHRO, A0 co3naHvs
TONTBKO [POTOTUTIOB TAKWX YCTPOMCTB ellie AANEKO — OT Tpex A0 TIATH JeT.

«Mbl 0YeHr TOPAMMCA TEM, YTO HAM YAATOCH CO3AaTh NPUHLIMIIMANBHO
HOBEBIC HAaHOCHCTeMbI. 5 TyMajo, 4TO STO ONWH M3 LMATOB K TOMY, 4TO HA3bl-
BAIOT MOJEKYISPHBIM MPOU3BOACTBOM», — 3aKoH4YWI CTomnapT.

«MHoroHoxka» craprtyer ¢ 10 I'é’

11 mapra 2005 r. cTano 3HAMEHATEBHOM J1aTOM B MCTOPUH YCTPOWCTB XpaHe-
Husl AaHHbix. Ha Buictaske CeBit 8 NannHosepe xomnanust 1BM mpencrasmna
paboTOCNIOCOGHBLIN YU YCTPOHCTBA KBAHTOBOI'O XpaHeHus JaHHBIX — «Millipede»
(«MHOroHoXxa»). 3T0 HOBOE YCTPOCTBO XpAHEHMs AAHHLIX, KOTOPOE, F10 Mpo-
rHozam IBM, zameHwuT cywecrsyiowre yuns! flash-namaru. o cero speMenu
«MHOroHOXKa» CYLLECTBOBANa B BWJE psda MPOTOTUIIOB M KOMUENTYATbHbIX
mogeneit. Teneps B CBET BbNLES TOAHOCTBIO PaGOTOCTOCOOHBIA HHTI.

«MHOTOHOXKa» MPEACTABNSIET COBOH «UUCTYIO» LIUDPOBYIO TEXHOJIOTHIO.
[MpuHLMTT e¢ PaGoThl MOXHO CPaBHUTL ¢ PAOTON CTAPLIX NPOUrpLIBATENEH
rPaMIUIaCTMHOK, B KOTODLIX CUHTHIBArOWIas BUOpUpYIOLLAa Wrila CKoAb3WiIa
no 6opo3ne, Hecylie MHGOPMaLMIO, TOTBKO Y « MHOTOHOXKMW» €CTh PSA KAH~
TWJIEBEPOB, KOTOPBIE CKOMB3ST IO NMOBEPXHOCTH XPAaHEHUSI JaHHKIX, HA KOTO-
poH ecTh YIiyOneHWs, Koaupyomue «1» n «0s. Takum 0O6pa3oM, OTKJIOHEHHS
KAHTHICBEPOB OT PaBHOBECHOIO TOJIOXEHM TlepepoasTcs B Habop O u 1.

DTOT UM, B OTJNUME OT MPOTOTHIIOR (KOTOPbIE COAEPXALIN OKOJIO TPETH
ACM-30H10B), COCTOMT W3 MaTpuikl, coaepxaiuei 4096 KaHTHIEBEPOB,
BHITIOTHEHHBIX KaK YCTpoicTBa uTenusi/3anucu (nofoGHble KaHTUIEBEPDI
WCIONB3YIOTCA cetyac B AaTOMHO-CUIOBEIX MUKpockorax). Ha puc. 3.7 mox-
HO YBHAETb, KaK YCTpOeHa «MHOroHOXKa».

' The «Millipedes — Nanotechnology Entering Data Storage
(http://domino.research.ibm.com/comm/pr.nsf/pages/rscd.millipede-picg.html/$ FILE/
pv7201-preprint.pdf).

«MHozoHoMCKa» cmapmyem ¢ 10 T6 \)
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Towkas opraHuyeckas nneuka,
Ha KOTOPOA XPAHATCH JaHHbie

Puc. 3.7. IlpuHunn aeihcTBHA «MHOTOHOXKH»

brarogaps HAHOTEXHONOTHAM WWIT U3TOTORNEH MO [0-HaHOMETPOBOMY TeX-
MpOIIECCY, MO3BOAAIOLUIEMY DPa3MELIATL HA OPTaHMYECKOM IUIeHKe (KOTopas
BRICTYIIAET B KAyeCTBe HocuTens MHPopmalim) yrinydaeHns mraMeTpoM 10 Hu.
PaccrosHue mexuy yrayGnenusmu cocrasnser 100 HM, yro no3sommno pasme-
CTUTh HA YMIIE NOBOJLHO QOMBILYIO MaTPHLYY aTOMHO-CHIIOBBIX KAHTUIEBEPOS.

Hanuuue yrnyGnenus cOOTBETCTBYET NOTMYECKOH «[», a ero oTcyr-
CTBHE — Jormueckomy «O». KaHTHIeBep — 37O ClieuHanbHbIi aTOMHO-
CHIOBOH 30K/ (prc. 3.8), KOTOPBIN «OLIyNEIBAET» CKAHMPYEMYIO [IOBEpPX-
HOCTb, W3MEHAN CBOE MOJOXEHHUE B IPOCTPAHCTBE B 3aBYCHMOCTHU OT TOTO,
BCTPETUT OH Ha NYTH YriaybJIeHWe WY HeT.

[Tpy yreHHM FAHHBIX CNEIMATBHLET ITPUBOL KPEMHHEBOTO «CTOMA», HA KOTO-
POM pasMelleHa IUIEHKA ¢ AAaHHBIMM, NePEMELIAET €€ B IUIOCKOCTH 10 3a0aHHbM
KooprvHaTtam X 1 Y. A npuBon MyasTHIUIEKCOPA NO3BOISET YIIPABISTh KAKIBIM
KaHTWIEBEPOM MHIMBUAYDILHO, OOECMeunBas aapecalnno namaru. [lpy stom
MaTpulia KaHTHIEBEPOB 00ECIIeYMBAET NMapaUIEIbHOE YTeHWE,/3aIMCh HAHHBIX.

Pac. 3.8. Kautunesep «Muoro-
HOXKU»
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Puc. 3.9. CtpoeHHe OTASIBLHOIO TEPMOMEXAHHYECKOrO KaHTHICBEpa

Kaxaplil KaHTWIEBED MPOY3BOAMT OMEPaLMK «ITeHMs/3AMUCH» TOILKO B
OTBEACHHOM /T Hero obnacty. Onepauust 3alUcH NPOUMCXOAHT TepMoMexa-
HIYECKUM 1TYTEM € TIOMOLLUBIO FONOBOK KaHTWIeBepos (Puc. 3.9). [Ana noa-
JEPXAHUA NOCTOSSHHOM TEMMEPATYPhI IUIEHKH, HEOOX0AUMOH /Ul NMpOoBee-
HUsl TIpOLEnYp 3aruCH M CTUPAHUS AAHHBIX, HAa YUTIE HaXOJMTCA psa
HATPEBATENBHBIX 21eMEHTOB. TomuuHa cuos [IMMA (TIMMA — nomuame-
THAMETAKPMAATA), HA KOTOPOM XPaHsITCa Aauubie, — 70 HM. Ilpusimi pado-
TBl YCTPOMCTBA B LIEJIOM [O3AUMCTBOBAH y CMCTEM, paGoTaloWmMx ¢ rnepdo-
Kapramu. Ho B otnvyne oT Gymaxubix nepdoxapt, «MHOTOHOXKKa» ymeeT
CTHpaTh NPOABIPABIEHHYIO €10 MHbOPMaLyIo (OJ1aronaps 1U1aCTHIECKHM CBOA-
cram [IMMA w pamy HarpeBaTeNbHLIX DIEMEHTOB).

Y€ roTOBbII BHICTABOUHDIA UM MOXET XpaHuTh 1,2 [OWT (win 153 IGaiir)
Ha AAOLAAW B KBAAPaTHbIK AIOHM. s cpaBHEHUS NPeaCTaBbTe NN pasme-
pPaMH ¢ MOYTOBYIO MapKy, Ha KOTOPOH MOXHO 3aNucaTb COAEPXMMOe 25
DVD-axckos. Pazmepn marpuust 4096 kantunesepos, (peNcTaBieHHOR Ha
BhicTaBke B [aHHOBepe, — 6,3x6,3 MM.

Ha puc. 3.10 MOXHO yBUAETH CTPOCHHE uMIla, COCTOALLIETO M3 MATPULLbI
32%32 xaHTWIEBepoB (uTo B 4 pa3a MeHsbile cylecTByomlei). OTaenbHO Mo-
KA3aHbl CEMCOPLI TEMITEPATYPhl H HATpPEBATENH, KOTOPbI¢ (POPMHUPYIOT HEOB-
X0AMMYIO ANg paGoTs! TeMIepaTypy cioss IIMMA. A ua puc. 3.11 nokasano
TOTOBOE yCTPOHCTBO ¢ 4096 KaMTHaeBepaMu, KoTopoe GbUIO MPEJCTABIEHO
Ha CeBit B 'aHHOBepe.

Crenylowye yeTpoicTBa Ha OCHOBE TeXHoJoruu «MHOroHoXKu» SynyT
uMeTh eMkocTs 100 T6uT npu pazmepax obbiunbix SD-kapT. Kak yreepxra-
eT MoxarHee BaiiHnes, MeHeDKep IPOEKTa, MUHUMaNLHAS eMKOCTh «MHo-

«Mnoeoroxcka» cmapmyem ¢ 10 1o 7\)

TemnepatypHbie ceHCOPH
Marpuua 32x32
HarpeBeTensHblh 3NeMeHT

Puc. 3.10. Crpykrypa ynna «MHOroHOXKM» ¢ 1024 xaHTHAEBEpaMH

roHOXKH» cocTaeuT 10 [6uT. BaltHaneH taioxe ormernn, yro IBM yxe cno-
coOHa M3rOTOBUTb «MHOMOHOXKH» B CEPHAHOM MCITONHEAWH Ha 0a3¢ KpeM-
auesblx MOMC.

Kak Mb1 BUIIM, 2EKTPOHMKR MCLTEHHO, HO YBEPEHHO NepeMeltaeTcs B 00-
JIaCcTh HaHoTexHonordi., Y oobarnenua komnaumis HP a IBM — ToMy npumep.

Komnanng IBM coofiuina Taioke, YTO 3Ta riepejoMrast TEXHOJIOMsl 3a-
BoweT poraok K 2007 r. Ecmi etom 2004 r. [BM saawsisura, 4ToO onpeaens-
erca — OyneT 1y «MHOTrOHOXXa» TIPOAYKTOM Wi HeT, TO CETONHSA BLICTABKA
B J'aHHOBepe Aaja OTBET HA JTOT BOMIPOC. Terneps ocTaeTca XiaaTk «Mnoro-
HOXKY» B CEPUHHOM MPOU3BOIACTBE.

Puc. 3.11. Yun, upescrasnieH-
Hell B I'aHHOBEpE
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. Maznumnan flash-namame Ha 0CHOGE Y2nepOOHbX HAHOMPYEOK
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MNamare oobemom B 100 F6aiiT 6naropaps
HaHOoTexHonornsam'

Uccnenosarenu npu noHaoHckom Imperial College o6bsaBUIM 0 TOM, YTO
pa3paboTanu HOBYIO TEXHONOIHMIO, KOTOpasi MO3BOJAMT CO31aBaTh TpeXMep-
Hble MUKPOUKITEL (puc. 3.12), Ha ux ocHOBEe MOXHO GyIeT co3maBaTh MOIY-
JI¥ MaMATH O4YeHb BBICOKOM, T10 CCrOOHALIHUM MepKaM, eMKOCTH.
HoBBlit yun MOXeT BMe-
1waTs 60sblI0N 06BEM AAH-
HBIX Ha MaJIOH IUIOIIAAM,
ANSl 3TOTO MCIOAbL3YyeTCs
CIIOXHaA CeTb BIAMMOCBSI-
3aHHbIX HAHOOOBLEKTOB —
Y3/0B ¢eTH. B 3THX Xe y3-
Jlax MOTYT ObITb 33A€HCTBO-
» BaHb 6a308b(¢ BBIYMCIHU-
i TeNbHele PYHKUNH, T.€. ITO
YTO-TO BECbMa HANOMKHA-
10l1ee HEHPOHHYIO CETh C ee
HeUpOHAMKM M aKCOHaMM.
ITocnegHue Hccaenopa-
Puc. 3.12. Tlpumep TPEXMEPHOro uMma Mo TWNY HUSL YYEHLIX U3 YHHBED-
HelpoceTH cureta Uledhdunoa v Yau-
BepcuteTa JdypxamMa no3so-
NS0T PaccuMTLIBaTh Ba TO, YTO HA OCHOBE JAHHOM TEXHOJOIMK B CKOPOM
BpeMeHM MOXHO OYZET CO3XaBaTh HOCHUTENH NaMATH, CPaBHKUMbIE TIO €MKO-
CTH C COBPEMEHHBIMM XECTKHMH AMCKAMH, HO MPH MaTepHAJILHbIX 3aTpa-
Tax Ha MNPOM3BOACTBO TAKMX XE€ HOCUTENALH, KAK Y MUKDPOCXEM [aMATH.
TakuM 00pa3oM, eMKOCTb MUKPOCXEM MaMATH MOXHO OyIeT YBEIHYMUTL KO
0,5—100 I'Gairr!

Paccen Koy6epn, npodeccop HanoTexHonoruu npu Imperial College,
oTMeTUN, «Hosble MOGUAbHEIE TeTedOHBI CO BCTPOSHHBIM BHACO MOMYJIAD-
Hb! ceftuac, HO UM HE XBaTaeT TOro obneMa MaMaTH, KOTOPhIM OHU ceifuac
KOMTUIEKTYIOTCA WK KOTOPbIM MOTYT GbiTh paclunpedbl. Hawta TexHoso-
TU$ MIO3BONUT [IPEBPATUTL MX B MONHOLEHHBIE MHOFOGYHKUNOHATbHEIE YC-
TPOMCTBa».

Texnonorus ocHoBaHa Ha uccaenoBauuax KoybepHa u ero xomier. OHu
ODHAPYXUIH, YTO C TIOMOLLULI0 HAHOTEXHONOTMH MOXHO pelpoOAyLMpOBaTh
KJloYeBble QYHKUWH COBPEMEHHBIX M TIDUBBIYHBIX TMOJYNPOBOAHUKOBBIX
npoaykToB. [1pu 3TOM UCTIONB3yeTCA AW CIIMH 3JIEKTPOHA, KOTOPBIHA OT-
BeuaeT 3a Marheruam. Ceiluac komanaa npogdeccopa KoybepHa paboraer
HAA BOTUIOUIEHWEM TEXHOMOTHM B PealbHBIX NPOAYKTAX.

' IXBT: INamarts o6vemom B 100 T'Gakt Gnarogaps HaHOTEXHOIOMHAM!

MaruutHaq flash-namarb Ha ocHoBe
yrnepoaHnix HaHOTPYyOoOK'

H3BecTHO, YTO pasMepbl YIepOAHbEIX HaHOTPYOOK COMOCTABUMbI C pa3Me-
pamu Monekyi. CpenHpil [uaMeTp OJHOCIONHOU YIIepoAHOH HaHOTPYO-
K1 cocraBaseT okono | HM. Ecnv Xe ynacTcsl «3acTaBUTh» OAHY HAHO-
TPYOKY XpaH#uTb OAMH 0T UHMOPMaUMM, TO NMaMsaTb Ha WX OCHOBE Dyaer
XPaHUTh KONOCCANbHbIE 00bEMbl MH(pOPMALIMU, Bedb COBPEMEHHBIE AHCH-
ku flash-namsaru, xpaungugie oauH GUT HHPOPMALIMK, UMEIOT PA3MEPhl OT
50 no 90 uM.

Yuennie M3 Texacckoro yHUBepCUTETa YXKE€ OOBOMAbHO AaBHO padoTa-
I0T Hag npoOaeMOoi coszxaHud flash-naMaTH Ha OCHOBE YIIepONHbIX Ha-
HoTpybok. Hccnenosareny XoTAT AOOMTLCS TUIOTHOCTH XpaHEHMst HUH-
thopmaumnu oxono 40 I'ut/cm. Ho 1 ato ewte He npeaen. Kak yTBepXKaaOT
UCCJIEI0BATENM, PACTIONIOXMUB HAHOTPYOKM B PasfAuUHBIX CIOSAX NaMSTH,
MOXHO €037aTh TpexMmepHblil uun flash-nmaMmstu, xoTopelft Gyser xpa-
HUTh uHGpopMaunio no 1000 Tout/cMm. Jnsa cpaBHeHus, | Téait — aTO
KOJIMYecTBO WHbOpMallHE, KOTOPOE MOXHO 3anucaTh Ha 26 DVD-
IUCKaX.

ApxutekTypa flash-namMsaT Ha OCHOBE HAHOTPYOOK NOBOJBHO IPOCTa
(puc. 3.13): Kaxaas s4yeilKa MaMaTH COCTOUT U3 ABYX [epeceKatoLIUXCs
HaHOTPYOOK, COMEpXAallMX BHYTPHM OPHMMECH XeJe3a HIM NOMEIIeHHBIX
B (beppPOMATHUTHOE OKPYXCHHME. YUYeHble coOMpaloTcs XpaHWMTb HHOOP-
MalMIO B HaHOTPYOKax, WCIIONb3Yysl NPUHLMI MACHUTHON 3alMCH, aHa-
JIOTUYHBHA TOMY, 4TO NPAMEHSETCS B KOMIMBIOTEDHEIX BHHUCCTEpax.
B ponu nocutenss mndopMalUM BRICTYNUT MaTpydua HaHoTrpybok. Kak
TOBOPUT OAMH M3 uccnenoBaTeneit, Jlazno Kuun «...B Matpuue HaHO-
TpyOOK KaX[I0€ MECTO UX IlepeceuYeHUs MOXET XPaHWUTh OAMH GUT MH-
dbopmaLuns.

Prc. 3.13. Marpuua gueex namaru U3 HaHOTpyGOK

! TRN: Nanotube memory scheme is magnetic (http://www.trumag.com/Stories/2005/
051805/Nanotube_memory sheme is magnetic 051805.html).
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Tok, NpoTeKaoHi uyepe3 HeMarHWTHBIH CHOH, OKpY)XEeHHbLA OBY-
MA HaMaCHUYEHHBIMM CHOAMU, 3aBUCHUT OT MX MArHUTHOH OpHCHTA-
UMW B NTPOCTpaHcTBe. KaXIblil 371eKTPOH UMEST CBOK) MATHMTHYI OpM-
EHTALNIO, TIO3TOMY CA0HW, CPUEHTHPORAHHDLIE COTJIACHO C IMEKTPOHAMM,
He DyayT NMpenaTcTBOBaTh NPOTEKAHMIO TOKA, B TO BPEMST KaK CIOH, OpH-
EHTUPOBAHHBIC MPOTHBOMNOJIOXHO, OYAYT NpPENnsATCTBOBATL NPOTEKAHUIO
TOKA.

B HanomaMaTH ponb cnoes OyayT WIpaTh TEPECEKALIMECsS HaHO-
TpyOKU, MATHUTHYIO OPHEHTANWIO KOTOPhIX MOXHO DYAET MEHSTh C I10-
MOILBIO 3JEKTPHUESCKHX MMIIYIICOB PATHUHORK JOASIPHOCTH, A CUMTBI-
BaTbh JOIMYECKQe COCTOsIHUE «l» win «0O» Oyayr Gonee cnadble 3ie-
KTPHYECKUE CUTHAMBI OTIPENETAEHHON [ONSPHOCTH. TaknM 00pa3zom, ecin
MarnHMTHaAsS OPHEHTAUH HAHOTPYOOK YCTAHOBASHA NPOTHBOTIONOKHO
MOCHIIa€MOMY HMMIIY/IbCY CUMTBIBAHMS, TO 0 HM3KOM aMIUiMTyae TOKa
uMnynbca OyIOeT omnpelnedaTbcs 3Hauedue «0». V1 waobopor, cenu mMar-
HUTHAa$8 OPHEHTALlMst HAHOTPYOOK COBINANAeT ¢ HATIPaBICHUEM 3JEKTPO-
HOB B MMIIYJbCE, TO aMIUIATYAA TOKA MMITYIibca OYAST COOTBETCTBOBATH
Joruucckolt «l». [lonydeHHas nmaMsaTh OyaeT HEPrOHE3aBMCUMON, T.e.
NMpU CHATHUM HANPSDKEHKWA ¢ YCTPOMCTBA AaHHBIE Ha 4ure OyayT Xpa-
HHTBCS.

Kax Mbl roBopuid paHee, HAHOTPYOKH XapaKTepH3YIOTCH HOBOSLHO Ma-
JNIBIMU pa3sMEpaMi 1 XOpoulel OpOBOAMMOCTBIO JICKTpUUecTBa. «biaroaaps
3TMM ABYM (hakTopaM MOXHO CACAATh NPEAllCAOXKEHUES, YTO TOTOBBIH UMIL
OyIeT XpaHUTb OOCTATOYHO MHOTO WMHGpOPMaLUMK W NOTpedasTh rpu padore
MaJo 3Hepruy. Takxe CKOpPOCTh YTeHus/3anucy OymeT BbICOKOH — 10
1000 Téur B cexyHay», — roBoput Kuniu.

OIHaKO NaMsITh HA OCHOBE HAHOTPYOOK — TOJNBLKO NpPoekT. B 5T0M roay
YUEHDIE ILIAMMUPYIOT M3TOTOBUTH TMPOTOTUII OHAHOW SUEHKH XpaHEHUS JaH-
HbIX [UIS1 TOTO, YTOObl Y3HATH, MIPH KAKOM HAMPSIXEHWM U B KAKUX YCJIOBH-
ax Oyner paboTaTh HOBOE HaHOycTpocTBO. Jantee, codpaB HECKONBKO BJie-
MEHTOB B TpeXMEpHBIA CAOH, UCCIELOBATENM XOTAT CO34aTh [EDPBBLIH
TpeXMEpHbLA uun namaTd. Kak 3aseaser pykopoauTens paboT rpodeccop
AICxasiH, MPOTOTHN paboyero TPEXMEPHOro wMna OyaeT rOTOB YXKe yepes
TISITh JIET.

M3BecTHo, yTO norpeboBasock okono 1S5 neT mas Toro, YTOORI CO3MaTh
MHTETPATLHBIE KOMIBIOTEPHLIC “HMRI, pa3padoTaHHbie Hobenesckum naypea-
toMm [xkexom Kunbu. PaboTa Haa 3NeMCHTAMM Ha OCHOBE HAHOTPYBOK HAaxo-
JUTCSI B TAKOM K€ 3a4aTOYHOM COCTOSIHMHM, KaK W H3TOTOBJIEHWE TNMEPBOro
TPAH3UCTOPA, TI03TOMY BHELPEHHSI 3TOH TEXHOAOIMW B HAHOBJEKTPOHHKY
MPpHUAETCST [TOLOKAATD.

O peayapTaTax cBoeH paboOThI YUEHBIC AOJIOXKUIH B (DEBPANBCKOM BEINYC-
ke xypuana Applied Physics Letters 2005 r.

Omipoimbie MUKPOHCUGKOCHIHbIE U HAHONCUOKOCHIHBIE CUCHIEMbI \)

OTKprTine MUKPOXNAOKOCTHBIC U
HaAHOXUAOKOCTHbI€ CUCTEMBbI 1

Yike He CexpeT, UTo XuMudeckue H OHOXNMUUEeCKHe DKenpecc-aadopaTopyuu
OyyLIEro YMEHBILATCS IO PA3MEPOB KOMITBIOTEPHOTO YUMa (pevb UIET O Tax
Ha3biBaEMBIX NabopaTopusax-Ha-uune). DTO MOIBOJMUT CALNATh aHATIM3bL XH-
MMYECKMX Y DUONOTMHECKIX OOBLEKTOR Donee ObICTPLIMM M TOYHBIMU. [TpHH-
UMD AeHCTBAS NabopaToOpHH-Ha-uUTIe COCTOMT B TOM, YTO OHa COpPTHPYET
BELIECTRA C MOMOILILIO PSAAa KaHANOB AMAMETPOM B HECKOLKO JECSTKOB
HaHoMeTpoB. Ha ocHoBRe nabopaTopMii-Ha-uuIIe MOXHO CO30ATh NPOCTHIE,
adhhekTHBHBIE M OBICTPOAEICTBYIOINE aHATU3ATOPbl KPOBU. ECin cerogns
Npolleypa aHaaH3a KPOBH 3aHMMAET OKOMO TPEX AHEN, TO C MCHONBL30BAHM -
€M HAHOXHIKOCTHLIX YCTPOMCTB 3TOT CPOK MOXET COKPaTUTLCH [0 NMOsydd-
ca. Ilpy aToM aHa/IM3 OYOAET BLIMOJHEH C BLICOKOH CTEMEHBX) TOYHOCTH.

OaHaKe MAacCOBOE W3IOTOBACHHE 3aKPLITHIX MWKPOXUIKOCTHBIX CHCTEM
COMPSDKEHO C ONPEAENEHHBIMH TpYAHOCTAMM. OTKPBITBIC MMKPO- M HAHO-
XUAKOCTHDBIE CUCTEMbI, MO3BOJISIOILME OCYLIECTBSTL TPAHCIIOPT BEWIECTB,
0O CUX NIOp HE MOIJIM CKOHCTPYWMPOBATh M3-3a TOrQ, YTO ONTHMAaNBHAA reo-
METPMS KAHANOB TaKMX YCTPOACTB He ObLia paspaboTaHa.

OcHOBA OTKPLITHIY MMKPOXHMAKOCTHBIX CHCTEM — CETL KAHATOB, BLITPAB-
JIEAHbIX HA MOMNOXKE (KAK PABUIO, 3TO KpeMHUI). MaTpULIBI ¢ OTKPBITHI-
MM KaHATaMM AOCTATOYHO MPOCTO [POM3IBOAUTE B OOJbILHX KOMWYECTBAX C
MOMOLILKY XOPOLIO PA3BUTOM HA CEroAHSILIHKI neHp doToantorpaduu. He-
JABHO COBMECTHBLIMH YCHIUSIMM yueHbIX M3 MHcTuTyTa MM. Makca [InaHka
(Fepmanust) 1 nx xonner w3 Kanudopnuitckoro yl—tuBepém@m Obl1a paspa-
60TaHa TEOPUSI OTKPBITbIX HAHO- M MUKPOXKHAKOCTHBIX CTPYKTYP. [IpuMene-
HUE 3TOH TEOPWH B H3TOTOBMEHWM JabopaTOpUii-Ha-uuIle [O3BONMT Hala-
JMTh X MACCOBBIM BbINYCK.

OcHoOBa TEOpHM pacyeTa KANWNISPOB 3AKAIOHAETCSl B OMPEASACHUMU KX
FEOMETPHMA B 3AaBMCHMOCTH OT CMAYMBACMOCTH TPAHCMOPTHPYEMOH TIO HWUM
KMAKOCTH. [IpocTeiilMiA BHA '@OMETPUA KATNMJISIPDHBIX KAHAJIOB MUKPO-
XHJIKOCTHBRIX CUCTeM — MPSIMOYTOBHbIH. Ha neperiil B3MIAL KaxeTcs Hele-
MOCTLI AENAThL TaKMe YCTPOMCTBA ¢ OTKPbITBIMM KaHaNaMK Ul TpaHCcopTa
KUAKocTH. OQHAKO Ha MUKPO- ¥ HAHOYPOBHE XIMAKOCTH BEAYT Cebsl HE Tak,
KAK MBI MPYBBIKIN CUMTATE. €10 B TOM, YTO B MHKPO- M HAHOXMIAKOCTHbIX
CHCTEMAX BAKHYIO POAb UIPaloT KAMW/ULIPHLIE CWIB ¥ CMJbl NTOBEPXHOCT-
HOrO HaTSDKEHUAL.

Hcenepopatend NONLITAIACS M3YYUMTh MOPGDOAOTHIO NPOTEKAHMA XKW -
KOCTHM uYepe3 OTKPLITHIE KAHATHI C PasNHYHON reoMerpuelt. Jnst 3moro oHu
MCIONb30BANN DLICTPO 3AMEP3AOLLYI0 TIONUMEPHYIO XUaKocTs. Ha puc. 3.14
MOXHO BUIACTE MUKpodoTorpaduu ¥ 3 D-CTPYKTYpbl, MONYYEHHBIE C NOMO-
LEK ATOMHO-CHIOBON MHKDOCKOTIHH.

! Eurek Alert: Open microfluidic and nanofluidic systems.
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Prc. 3.14. Mopdonoras npoTekaHms XUAKOCTH N0 KaHanam

Kak Mbl BUaAMM, MODQOJOrda AOCTATOYHO PaszHOOOpa3Ha — XHIAKOCTh
TO BBITSIMBAETCH BIOJb KaHala, TO coOMpaeTCca KaruiMH.

Ha puc. 3.14 cnipapa MOXHO YBHIETh KaHall WUMPMHOM 1 MKM, 3anon-
HEHHBIH XHUAKOCTRIO. A B KaHajle GONBIIECH IIMPHHBL, KOTOPKIA NpeacTaB-
NeH cieBa, XHUAKOCTh 0bpasoBana xammo. Takke B Ipolecce UccaelIopa-
HUN GbIO YCTAHOBJEHO, YTO Haubojee CUIbHBIE KaNWISPHHIE CHIIb]
obpasyloTcsl B KaHajle, KOTOPHIH UMeeT MONepeyHOe CeUeHHe B BUIE paB-
HOOeApeHHOM TparmeunH. YUeHble TakoKE OINpEACTVNM, 4YTO 3aBHCUMOCTD
KanWIISpHBIX CHJl OT YI7a HAKJOHA KOHTAKTHBIX MOBEPXHOCTEN He co-
IMaCOBBIBAETCS C KJIACCHUECKUM ypaBHeHMem FOura. [Toatomy uccieno-
BaTeny pa3paloTajii CODCTBEHHYIO TEOPUIO CMAYWBaHUA B HaHOpPa3Mep-
HOM auana3ore. OIHUM U3 UHTEPECHRIX CNEACTBUI HOBOR TEOPHUM SBIAETCS
TO, YTO AaBJACHHE XUJIKOCTH B OTKDHITOM Kanane wupuHoi 100 HM mo-
XKeT pgocTurats 15 atmocdep! Ecnu xe pacluvpuTbh Kavan A0 | MM, To
BCTYNAT B CUNY KJIACCUYECKHME 3aKOHBL U JaBIEHME YIAXET OO ThICAYHOI
noau atmocdepl.

OaHuM U3 TIPAaKTHYECKUX NIPUMEHEHNM HOBOM TEOPHH OYNET M3rOTOB-
JIEHME OTKPBITEIX MHUKPOXHMIKOCTHBEIX CHCTEM ¢ U3MEHsIOLIeHcA reoMeTpr-
eit Kkananos. TaxuMm o6pa3zoM, MOXHO OYAET ynpaBJsiTh MX CMAa4HBacMOC-
TbIO M JaXe PErYJMpPOBaTH MPOTOK XHUIAKOCTH 4depe3 HUX. Takoke KaHasl
MOXHO CAEAATh CMA4YMBAEMbIMH TONBKO MAA OMNPENEICHHOIO TUNa XHUIAKO-
¢t (BBIGPAB HYXHBI THIT FeOMeTpUM), YTO MO3BOJANT CeaaTh NMPOCTHIE
CENEKTOPHBIE MIIbI.

Y envie nocmpouny nepeniti HaHOXCUOKOCMHbIL MPAHIUCMOp

YyeHbie NOCTPOUAN MNEepBbli HAHOXUAKOCTHbIA
TPaH3UCTOP AJIS XMMWYECKUX KOMIbIOTePORB'

UccrenosaTe 1t u3 YHupepcutera Kannbopuun B beprin co3aany nepeblit
B MMpE HAHOSKWIIKOCTHbIH TPAH3MCTOP KaK Ha OCHOBE HAHOKAHAMOB, TaK M
Ha OCHOBE HAHOTPYOOK.

TepMuH « HAHOXHAKOCTHbIA» O3HAYAET, 4TO YCTPOUCTBO KOHTPONMPYET
nepeMelteH € XMIKOCTH Y OTIPEACACHHBIX MOHOB 4epe3 KaHabl CYOMHK-
DPOMETPOBOTO AUAMETPE {puc. 3.15). PaHee ynaBanock CO3AaBaTh HAaHOXHI-
KOCTHBle KaHanbl AraMerpoM 10 30 HM. HaHOXHIKOCTHbLIE CHCTEMBl YXE
UCMIONBIYIOTCA B JA6OPaTOPHAX-Ha-4YWNe W TMOPUIHBIX HAHOINEKTPOHHBIX
YCTDOHCTEAX, TO3BOJIAIOUINX [IOY4UTh 3MEKTPOSHEPTHIO OT MPOTEKAIOLINX
GuoxyUMHUIE CKMUX TMPOLECCOB B XUBBIX KIeTKax, HaXOASWMUXCA
in vitro (BiyTPM) dMOa. -

ABTOpBl HOBMHKM — XM-
MHKM M UHDKEHEDb! — Mpea-
CKa3blBalT, YTO noaobHo
TOMY, KaK 3JIEKTPOHHbBIE NO-
JIYTIPOBOAHUKOBEIE TPaH3MC-
TOPBl MMOCAYXHIAW KUPIIMYHU-
KaMM 108 MUKDOCXeM,
HaHOXWAKOCTHBIM TpaH3UC-
TOP MOCAYXHT OCHOBOH IUISA
MVBHATIOPHBIX XUMWHECKHX
3aBOAOB «Ha YuIle», paboTa-
HOUIHMX 063 eAMHON NOABHK-
HOW meTanu.

«TpaH3UCcTOp NOXOAUT Ha
KnanaH: Bbl MCIOAbL3YyeETE
3JIEKTPUYECTBO, 4TOOH OT-
KpbITh WM 3aKpHITH €ro, —
obpsicHN APYH MamxyMmaap, OIMH M3 aBTOPOB NMPOeKTa. — 3HeCh Xe Ml
MCTOJIB3YeM HampAXEHHE, YToObl OTKPBITL WUTH 3aKPLITh MOHHBIA KaHAI.
Tereps, KOLIA MBI HOCTPOWIH 3TOT CTaHIApTHBIHA BI0K, Mbl MOXEM TNIPUCTIO-
COBUTL €50 K 3MIEKTPOHHOMY UMIlYy, 4TOGB! YYIPaBIATE XKMPacTBOPaMm».

VCTpoilCTBa HA OCHOBE HOBOIO TPAH3UCTOPA MOTYT AMArHOCTUPOBATE 3d-
GoseBaHyA, B YaCTHOCTH PaK Ha paHHeit cranuu. TeopeTuueckH Ynn MOXeT
06patorath BCero 10 pakoBbIX KNETOK, BbIAEHB U3 HUX 6enKOBbIE MapKephl,
XapaKTepHbIE MUMEHHO [UIsl 3TOrO THTIA 3aG0JI€BaHuUs. A C MOMOLUBIO TaKWXx
UHAVBHAYATBHBEIX METOK Bpay CMOXET NMpopecTH doiee 3hgeKTUBHYIO Avar-
HOCTMKY ¥ TTOCHELYIOuiee NeyeAne 3aboneBaHms.

Puc. 3.15. CTpPYKTyp2 HaHOXHWAKOCTHOIO TpaH-
3UcTOpa

| Berkley: Researchers create first nanofluidic transistor, the basis of future chemical
DroCEssors.
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eXHMUYecKHe KOMITLIOTEPh — KAECALLHBIN HHCTPYMEHT JNS M3YUeHHs
BenkoB # 3H3UMOB. Tasoke OHH OTKPMHOT HOBBLIF ITAN PA3BHTUN TEXHONOIHU
KASHTHMMKALKM PA3MIMHEX XHMHBUYCCKHN COCUMHCHUMN: OT OEJIKOR /10 XHU-
BLIX KJCTOK, — FOBOPHT ApyH. — MaeHTudukKalms 6e1K0B—MapKEpOB DAKO-
BLIX KJIeTOK Ha HBYANbLHBIX CTAAUAX 3a00/NeBaAHHS MO3BOUT yucHbIM 3¢bek-
THBHee GOPOTLCH C PAKOM M ADYTHMH BGOJIE3HAMU».

Konnera Apyna, ITefinoHr AAHr, NOCTPOW] aHANOr HAHOXWIKOCTHOIQ
TPAH3UCTOPa C MCMOAB30BAHNEM HAHOTPYOOK B POsIM TPORBOAALUMX KAHANOR
(puc. 3.16).

UCTOK CTOK
(pesepsyap) (peaepsyap)

Puc. 3.16. HanoTpansncTop ¢ kasanoM U3 HaHoTpyOKH Ha KpeMHMeBOH 1mate

[locne nporeseHys psiaa TECTOR Hal SKCAEPHMEHTANBHBIM YHTOM [12HO-
XUAKOCTHOIG TPaH3UCTOpa SIHT 6bl1 YAMBISH CXOXECTBIC XpaKI@pUcTHK
obnmimx MOSFET (Metal-Oxlde Semiconductor Field Effect Transistor) —
MCTLAN -OKCH/A-NOJYTIPOBOAHHKOBLIX NIOAEBLIX TPAH3NCTOPOB U HAHOXHUAKO-
CTHOrQ,

«BoJiplIC BCErO MEHR YAHBUAO TO, YTO Mhl CMOXEM CKOHCTPYHDOBATD
XUMMMECKHE KOMIBIQTCPR, CIOCOOHLIE MAHUNYIHAOBATL MOJEKYIaMU
TaK Xe, KAK TIOJAYIPOBOAHIIKOBLIE — DNEKTPOHaMH, — roBopuT SIBT. —
Toraa eantinub! HHPOPMAUHK OYILYT NPEACTABINTL PABIUUHBIE MOREKY-
Al DTOT NOAXOML OTKPLIBACT COBCPLICHHD HOBYIQ 00NaCTE B TEOPHH UH-
dbopMaun».

OnHO 113 NPEUMYUIECTE HAHUXIAKOCTHOrO TPMHIHLTOPA, HO CNOBAM
ApyHa,. — TO, YTO TEXMOAOIHNs MACCOBOIO MPOH3BOACTIN JlabopaTopuii-
Ha-yuMe Ha ero OCHOBE He OTNHUAGTCH OT TEXHMOJOIHMHA NpOM3BOACTRA
MHTETPATbHbBIX KOMIBLIOTEPHLIX YHMNOB. HaHOKHEKOCTHLIE KAMANB MOX~
HO JIETKO MHTErpipoBaTh B HOAYIPOBOAHUKOBLIe npubopsl. Taxk, Hanpy-
Mep, 3NEKTPOHUKOH MOXHO YMPaBAATb NyTeM OTKPHITHN MM 3AKPLITHA
MUKPOXNIAKOCTHOrO KaHana. [Ipu 3ToM 2/leKTPOHHBIE KOMIMOHEHTR, TIO-
3BONAQLLHEC [A€NaThb 3TO, Pa3MelldloTCA HA MaaTe OOBYHBIMH METOAAMM
TIPOM3VLIACTBE MHKPOINCKTPOHILKH, A MHKPOKaHAIL W pe3epByapbl Ha-
HOCATCA HA 1JIATY QTACHLHO.

Yyenbie NOCMPoUIU REPEXE HARONCUOKOCMNE Mpanzucmop \)

OcopHan f€TaNL HAHOTPAH3MCTOPA, CMOCOGHOrO yNpasisTs NOTOKOM
KAZKOCTH, — WHKPOKAHA HAMETPOM 35 HM. PacHoONOXCIIHBIA MEXGLY NBY-
MsT cosMH AMOKCHAA kpeMHug. O HanofHeH BOAOH ¢ AoGamieHUCM pa-
CTROPEHHBIX coleil, 0BPasYIoLHX BOAHBIE HOHM. Ipu nogaye HANPSKEHHA
Ha 33TBOp, AHANOTHYNbIH 3aTBOPY NOJIEBOTO MOSFET-TpaH3xcTOpa, NpoTe-
kande sAnKocTv lipekpaaetcs. Kak BUAHO, NPHIILKE DaboTH HANOXHA-
KOCTHOTO TPAHIHCTOPA TIONHOCTHIO AHAJOTHYEH NPMILMNY NEACTBHA JMeK-
TPOHHBX TPaH3HCTOPOB.

Tlogo6HOe yIpalkieHe HOHAMM B TOHKOM KaHane (35 HM) HeBO3MOX-
HO ApYriMy crocoBamMs, Tak KaK B XHIKOCTH HOHBI GuicTpO nepeMela-
I0TCA 1§ MOIVT MOTEPAT 3apsa, CONPHMKOCHYBIUTUCH CO CTEIKAMM KaHana.
MosTomy AnA KAHANOB ANAMETPOM 0 100 HM NPMMEHSIOT BAeKTpUYec-
KOEe 3KpAHHPOBAHHME. A HANDAXCHHE, MPUIOKEHHOE K PA3HLIM KOHUAM
KaHana, BLILIBAET MEPEMELICINE HOHOB OT HCTOKA K CTOKY. Tpaena. 3ya-
\eHue BANPAKRCHHA LTSt 3aKPHTHA TPAH3IUCTOPA AOBOJILHO BEIHKO: OHO
cocrasnsieT 75 B.

Takol HaHOTPAR3WUCTOP MOXHO MCMOJIL3OBATH ANA ACTEKTHPOBAHMA
KAMHMeckMX coellnHeruit. TIpencrasum cebe, uto dparmerot JHK, 6en-
KH. MOMM WIH 2H3NMB ITEPEMEIAIOTCH BHYTPK KaHaa, NoKpeITOro day-
opeclgH THhMH METKaMHu. TaxkuM 06pu30M, YIPaBAsH NOTOKOM XUIKO-
CTH. MoXHO JODHTLCR NETeXUNN Jaxe OiHol Monexyisl. HMcenenosaTeni
B ONHOM H3 DKCTIEPUMCHTOB MIPOAEMOHCTPUPOBANHN, KILK C NOMOILLIO HA-
HoTpaH3nCTOpa 006pPabaTLIBASMUCL NOMEICHHDbIE (pAyOPCCUSHTHBIMH KPAC-
xamn cermentsl AHK. '

Slur, crieuudIMCT TIO H3FOTOBJCHWIO M3 HaHOTPYGOK M NONYRPOBOLHM-
KOB HaHO3NCKTPOHHLIX YCTPORCTR, CO3TAN AHANOT HAHOXMIKOCTHOIO TPaH-
3MCTOpa C KilMAAOM U3 yriepoanoii HaHoTpyGkm jmnametpoM 20 b, [Mpu
STOM 11AHOTPAH3UCTOR JIOKA3AT XAPAKTEPUCTUKH, CXOXNME C NepBLIM XHMHU-
UECKUM TPAI3UCTIPOM. )

«HayoTpy6KH TO3BOATIOT NPONYCTHTS YEPC3 HAHOXMOKOCTHEIN TPAHIH-
CTop MOJEKYTHl MEHDIUErO pa3Mepd - C NOMOLILIO COBPEMEHIIIMX METO/OR
NpOM3BOACTBA Mbl HE MOKEM GAC/IATH KAHATH MEILIICTO qMamMeTpa, — roBo-
puT SIHr. — MoYTOMY 51 AYMAIO, MTO B ByaywieM XUMMUECK#ME TPaHIUCTOPDI
GymyT paboTaTh Ha OCHOBE HaHoTpydoK».

«Mpi llesiagM BCE BOsMumioe, 4yToOM lAAa KOMania neppoi cosnana
YTO-TO BPOAE KUMWIECKOTO MpoLeccopa, CNocobHOro COPTUPOBATL U CpaR-
HHBATH MOJNEKYIBI MEXY CODOM, Kak 370 ZealoT ¢ GuraMy COBPEMEH MbIC
TpoHeccophl», — MPORLIKAET Masokymaap.

B nepcnexTHBE (PYIIA HAHOXMIKOCTHBIX TPAHIUCTOPOB MOXCT 06-
pA30BHBATH LUC/LIE BEIHCANTELHBIC YCTPOWCTBA, CXOAHME C HhHEw-
HHMH KpEMHHCRAMU (IPOLIECCOPAMI, FTO B COUCTAHNM € NETKHM YO paR-
fgeies HoHaMH {a 270 MoryT 8uiTb, CKaxeM, 6CIKU WAH (hparMeRTh
IIHK) cyAdT HOBBIE BOIMOXHOCTA LIS BHMOAOIrHYECKUX HECNeA0BAHUIN #

MeAnHE,
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CBepXTOo4HbIA AETEeKTOP MacChbl U CUNbI
Ha OCHOBE HaHOTpyOkn'

®usvikn u3 Yuupepcutera Kopuenna (CLUA) caenanu anexrpoMexaHuyec-
KMl pe3oHATOp HAHOMETPOBLIX Pa3MEepOB, CIMOCODHLIN JETEKTHPOBATh Ma-
JIbIE 3HAYECHUS NPUKIIAIbIBAEMON K HeMy cunbl. B kavecTse «paboyero opra-
Ha» PE3OHATOpPA WCCAEAOBATENH MCIOAL30BAIM HaHOTPYOGKY (puc. 3.17),
PACIIONOXEHHYIO MEXIY NBYMS 30J0ThIMK 3nekTponamu (V. Sazonova u ap.
2004 Nature 431 284).

UCTOK - - CTOK
- N4 -

Puc. 3.17. TeoMeTpns ycTpoicTBA M AMArpaMMa pacrioNOoXeHUs] HAHOTPYOKM
Ha anekTponax. Macwratuas merka — 300 HM

Paamepn xaHaBKH, yepe3 KOTOPYIO IPOTAHYTa HaHOTpyOka: [,5 MKM B
LIMHY ¥ 500 HM B WKMPHHY (FEOMETPMSA KaHaBOK BblHECEHa LUTPUXOBBIMH
JIMAUAMMU).

HanoanextpoMexannueckue cuctemsl (HOMC) Takoro Tuna mMoryt GbiTh
MOAE3Hb] TIPH KOHCTPYMPOBAHHUH PA3TNYHAIX YNbTPayyBCTBUTEAbHBIX MacC-
IEeTEKTOPOB M AETEKTOPOB CHABl. B Takux ycTpoiictsax «pabouMii opran»
CEHCopa U3MEHSIET CBOE TTOJIOXKEHME B 3aBUCHMOCTH OT BO3ACHCTBHA HA HCrO
BHEIHHEH CHNbL

D1a cumynanusa (puc. 3.18) orobpaxaer repBbie YETHIPE PE3OHAHCHLIE
COCTOAHUS HAHOTPYOKH, XKECTKO 3aKpeIUIeHHOHN ¢ ABYX cTopoH. B. CasoHo-
Ba u [l. MakFOH pacCumTany 3TH COCTOAHMS W MOKAa3ajih, YTO UX MONCHO
«TTOACTPOUTD» [OM LUMPOKMIA CIIEKTp YACTOT.

YriaepoaHbie HAHOTPYOKH — WICAIbHbIE KAHAWAATH st paboyero opra-
Ha TAKOTO YCTPOMCTBA, TAaK KaK Y HUX OONbIUASL YTIPYTOCTh. JTO [TO3BOSET
HAHOTPYOKE KONeOATHCS B IUMPOKOM JUAMA3OHE YacToT, & 3TO, B CBOIO Oue-
penb, HEOOXONMMO IS KBAHTOBO-MEXaHHMHECKMX YCTpPOHCTB. bonee Toro,

' HoBocTH Hanotexnosnoruil. Xyprar HMCT. 2005. Ne L.

HaHoTPYyOKa MOXET padoTaTh B Kade-

CTBe TPaH3MCTOPa, YTO NO3BOJHIIO UC-

CJISLOBATENIIM ONPEAENMTDL YacTOTy ee

KoneGaHU U CMELIEHNST OTHOCUTENb-

HO TIONOXeHMA Toxos. Bee ckasaHHoe

BbILLE XAapaKTEpPHU3yeT ONHOCHOHHYIO

YINEePOAHYIO HAHOTPYOKY KakK yHUBep-

CanbHbIA AETEKTOP MACChl W CUJIBL.

B nerexTope McCIeIOBATEAN HCITOAbL3O-

B/l HAHOTPYOKY ANaMeTpoM |..4 HM.

[Ton MaklOn u ero xosery coena-

JIM NETEKTOP CIEAYIOLIAM 00pasoM: MEX-

Ly ABYMSI S/IEKTPOAAMH, PacTiOOXEH-

HBIMH Ha XeNoOKe M3 OKCHaa KpeMHMS,

NPOTAHYAU HAHOTPYOKY, XECTKO 3a-

KPEeNJICHHYI0 Ha KoHuax. B pesymerare

Puc. 3.18. Jleppule ueThipe pe3oHaHc- MOAYYMACS TPaH3UCTOP. DJIEKTPOAL

HBIE COCTOAHMS HalOTPYOKH 6bLIM CTOKOM M MCTOKOM, @ NOMIOXKA

C KAHABKOW M3 OKCHIA KPEMHHUS — 3a-

TBOpoM. Jasee, M3MEHAA HATIPSDKEHUE HA afeKTpoaax, ¢uanku 13 KopHemwia

A0OHMIMCH ONITUMAILHOTO HATSOKEHMSt HAHOTPYOKM (33 CUET 3JIEKTpOCTaTHYEC-

KOro IPHUTSDKEHUA K 3aTBOPY), @ TAKXKE 3aCTAaBMIM ee BHOpUpPOBarb. Tenepb,

M3Mepdst U3MEHEHUA BIEKTPUYEcKOH eMKOCTH MEXIy HAHOTPYOKOH W 3aTBO-

POM, MOXHO ObIAO YCTaHOBHTH, HACKOAbKO HAHOTPYOKa OTKJIOHSIETCS OT Io-
JIOKEHUS TTOKOS, WIH XE N3MEPUTh YacTOTy BUOpPailMK HAHOTPYOKM.

MaxkKOH u ero XOMaHAa CMOLJIH M3MEPHUTb PE30HAHCHbIE 4aCTOTbl Ha-
Horpydxu or 3 po 200 MI'u. Taxke 0OHM CMOTIM M3MEDPUTH CMEUICHME Ha-
HOTPYOKH Bcero Ha 0,5 HM OT nonoxeHus pasHopecus. Ha cerogusuunmit
JIeHb 3TO JIyYlUHe pe3y/bTaThl M3MEPEHWS MacChl, AOCTHTHYThIE MPU KOM-
HATHOW TeMIiepaType.

Tax kak yacToTa BUOpaUMK HAHOTPYOKM npeacTasngeT coboil GyHKUMIO
OT ee Macchl, TO NO0aBJCHUE K 3TOI Macce MOCTOPOHHEH MACCH HM3MEHHT
yacToTy KoneGaHui. Tlpoule rosops, €Ciu coeaAnHUTh ¢ HAHOTPYOKO# OUeHb
MAaICHBKWI NpeaMeT, TO MOXHO OyaeT ero s3pecHth! PaHee Ha KpeMHMEBHIX
KaHTHJIEBEPAX MOXHO ObL1O B3BECHTb Oakrepi) WAM BUpYC. Tenmepb, Kak
rosopuT MakIOH, ¢ MOMOLUBIO HOBOIO AETEKTOPA «MbI JOCTUIJIM TPaHHLbI B
U3MEPEHUAX MACCHl — TENepb ¢ MOMOLULID HALIEro YCTPOHCTBa (HaBepHsKa
npu ero MoimduKauuu. — Ilpum. Hep.) MOXHO OyANeT B3BELUMBATb OTAC/b-
HEIC aTOMBI».

Hcenenopatesn npoBOoMAn M3MEPEHHS B BakyyMe. B Bosnyxe 6osblioce
YMCNIO pasHbIX MOJIeKyN OyAeT CTankMBATLCS ¢ HAHOTPYOKOM Wiy jaxe ab-
copbupoBatbcd ¢ Hel, usmeHss ee Maccy. I[Tosromy, kak ckazan MaklOH,
ONIHO M3 NPUMMEHEHMIA CEHCOopa, KOTOPOE JIEXMT «HA IIOBEPXHOCTH», — Je-
TEKTHPOBAHUE Ta30B.
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Aarunk HaHonepemelleHumid'

B CIUA cosznaH naTunk HaHonepeMeuleHui (puc. 3.19), nossonsiouiuii 3a-
PETUCTPUPOBATE U3MEHEHHKE TIONOXKEHUA 06heKTra HA ThICAUHbBIE IO HAHO-
meTpa. JaTyuK COCTOMT M3 HAHOTEKTPOMEXAHMYECKOHN MepeMpI4KU M Of-
HO3NEKTPOHHOrO TpaH3ucTOopa. B ycTpoicTBax Takoro TuIla MeXaHWueCKMi
ANEMEHT MepeMeLaeTes Noj BHCUFHUM BO3AEHACTBUEM, a BbICOKOYYBCTBU-
TeJbHBIN JETEKTOP MO3BOJIET M3MEPUTL 6ro mepeMetueHue. O6AacTH DpH-
MEHCGHHS YCTPOUCTBA — Be3fe, IIe TpedyeTcs yIbTPaBhiCOKAs TOUHOCTb, Ha-
NpuMep MarHUTOPE3OHaHCcHasA MuKpockomus. Ecau ymacrcst noBbICUTh €ro
qyBCTBUTENLHOCTE B 100 pa3, ¥ yYeHbIX MOABHTCS BO3IMOXHOCThL HENOCPED-
CTBEHHOW perncTpaluMu KBaHTOBbIX 3(peKToOB B MaKpOCHCTEMAX.

Puc. 3.19. HOMC-aaTuux

KBaHTOBO-MeEXaHHYECKUH TPUHLIUTT HEONPEfIENEHHOCTH YTBEPXIAET, "ITO
HEBO3ZMOXHO OZHOBPEMEHHO M3MEPUTh W MOJOXEHKE, U CKOPOCTb (TOYHEe,
UMITYABC) MHKpOYacTHLEL. TeM caMbiM yCTaHaBIUBAETCS (PYHHAMEHTAILHOES
orpaHuueHe Ha TOYHOCTH JK0BBIX M3MepeHH MakpoobbexTos. IlpaBaa,
NOCTUIHYTh 9THX TEOPCTUHECKMUX FPAHHN B HESIOCPEACTBEHHbBIX U3MEPEHHSIX
O MOC/AEHEro BPEMCHM GbIIO HEBO3ZMOXHO W3-3a OTCYTCTBUS [PUBOPOB ¢
HEOOXOAMMOM TOUHOCTBIO. TOUHOCTH HAHOINEKTPOMEXAHWHYECKMX YCTPOMCTB
YK€ N0CTATO4HA IS MPOBEACHHA NOAOOHBIX UIMEPEHUH.

Pobepry KHoBemo 1 Duupio Kinunanay us KanudpopHuiickoro ynmsep-
cuteta B Canra-bapbape ymanock co3naTs paboTarollee yCTpOMACTBO, B KOTO-
POM MeXaHWIeCKMIT 2JEMEHT MPEACTaBNAeT cobot BPYcoK M3 apceHUaa raj-
JIMs, 3aKPeIUIEHHBINA ¢ 00onX KOHLOB. JnuHa O6pycka — 3 MKM, WUPHHA —
250 v, tosmumua — 200 uM. Pacnoaoxen o B 250 HM OT OHHO3IEKTPOH-
HOFO TPaH3MCTOPA, TIPEACTABNAIOLIEr0 COBOM AETEKTOP nepemellenys. bpy-
COK M TPAaH3MCTOP COEIMHEHL! TEKTPHUECKH YEPEI eMKOoCTb. [IpH Npuno-
XEHUM BHEWIHEro HanpsxeHust Opycok HayuHaeT BUOpupoBats. IIpn ero
fepeMelieHuM OTHOCHTENBHO AECTEKTOPA TOK, NPOTEKAIOWHA yepes TpaH3u-

! TTo marepuanaM Physics Web.

HIMC dna e3eemusanun THK @

ctop, UameHAeTcsa. QAHOINEKTPOHHbBIA TPAH3UCTOP, N0 CIOBAM U300peTaTe-
Nleit, npeacTasnsaet coOOH MyyuIHH U3 CyLiecTBYIOLUMX LETEKTOPOB 3apsia,
HMEIOLMN Ype3BblyaitHO BBICOKYI YYBCTBUTENbHOCTH. M3MmepeHue Toka,
TIPOTEKAOLIELO Yyepes TPAHIUCTOD, NO3BOIAET UIMEPUTL HaCTOTY KonebGanuit
Opycka.

B nacrosee BpeMst yueHble paGoTaIOT Haa TeM, YToBbl MPUCITOCOBHTH
CO3JaHHOE YCTPOHCTBO Ui U3MEpeHMS KBaHTOBBIX 3(D(EeKTOB B Makpo-
00BbEKTAX.

H3MC ansa B3pewunBaHua OHK'

Yuennie u3 Koprennckoro ynusepcureta cozgann HOMC-getexTop, KoTo-
PbIA MOXET B3BeCHTb OTAENLHYIO Monekyny JIHK. Macca monekynm — oko-
a0 995 000 nansTOHOB, B TO BpeMs KakK Macca 6akTepuu — 655 ¢r.
A BHMpYC, KOTOPBIH YAQIOCh B3BECHTb YUEHbLIM paHee, uMeeT maccy 1,5 ¢r.

Bosee Toro, ¢ noMoiwpio HoBoro HOMC-cencopa yueHble MoryT onpe-
aeauTs yucno monexkyd JHK, nonaswmx Ha Hero.

Kak Hapewrcs uccnepopaten mui KopHemna, Hosble HOMC-ceHcopht
OyAYT MCMONb3OBATLCSH COBMECTHO € MHUKPOXMAKOCTHBIMM CHUCTEMAMU A
FEHETMYECKOrO aHanM3a KopoTkux dparmentos JHK, npucyrersyomux B
yarsoit wietke. Hanee dparmentsl JHK permmmmpyiores, Menonsiys tex-
HOAOTHIO, Ha3BaHHYX PCR-ycunenuneM. Takoi Beictpsiit ananus IHK Mo-
XeT OblTh MCNOABL3OBAH TSI AETEKTUPOBAHNS MapKEPOB PAKOBBIX KIIETOK.

Macca mMonexyn 6eaxos ¥ JJHK ofpIvMHO BblpaxaeTcs B ganbToHax. Jaib-
TOH, MAIN aTOMAapHLI BEC, — 3TO Macca OAHOro NpoToHa Uau Heiltpora. [lo
OTHOILEHMIKO K APYTUM €AMHMLIAM MacChl OAHH AAJBTOH — 3TO O/IHA ThICAY-
Has 3€rTorpaMma, KOTOpbIif, B CBOJX QUEpPEeAh, OAHA THICSIMHAS AaTTOTPAMMA,
a oH — ThicayHasg dbeMTorpaMMa. Kak Mbl BUOMM, CO BPEMEHHM B3BELIMBAHMA
BYPYCa YUEHBIE [aneko MpPOABMHYAUCH B TOYHBIX W3MEPEHHSIX MacChl.

YyeHbIE HRACIOTCA, YTO UM YIACTCS B3BEIIWBATL HE TOJILKO MONEKYNbI
AHK, Ho 1 oTaenphble Deky, UTO 1TOMOXET CO34aTh OBICTPOJENCTBYIO-
IIWE AECTEKTOPL TOKCUYHEIX BELUECTB. «JeTeKTHpoBaHHE OTAENhHbIX MO-
JIeKyll ONPEAENeHHOro TUMA 3aBUCUT OT PYHAAMEHTATbHLIX XUMUUECKUX
orpannueHuit. Ognako co3maHHbil HaMu HOMC-aeTeKTop Ha HECKo/b-
KO TOPSIIKOB TOYHEe COBPEMEHHBIX U3MEPUTEABHbIX TIPUOOPOB, — roBO-
put [aponen Kpadirxen, rnasa uccneaosateneil Uz KOPHEIICKOTO yHU-
BepcuTeTa. — S ayMar0., YTO B3BELUMBaHHE OTASNIbHEIX OENKOB NMOMOXET
npu cosanmy sddhekTUBHOTO AeTekTopa TakKx 3aGonesanuit, kak CITHI».

Kak u B cnyqae ¢ BupycoM, monekyta JHK nomewuanach Ha Kose6mo-
LKHCA KaHTUAEBEp, UIMEHSIACh YACTOTa €ro Kojiebartii, KOTopas perucr-
pupoBalach M obpadbaTeiBanack MUKporpoueccopoM. Ho Ha aror pas Kpait-
FXCI M €r0 KOMaHOa CHACTANN 1eYI0 MATPHLY KaHTunepepoB. Kaxasiit 6nLur

! Nanotech-Now: From attograms 1o Daltons: Cornell NEMS device detects the mass
of a single DNA molecule (http://www. nanotech-now.comy/news.cgi7story id=09595).
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OT 3 B0 S MKM B JUTMHY U 90 HM TOMILUMHON. B KOHLIE Kaxaoro KaHTIEBEPa
HAXOAMWICS MANCHBbKUE 3010TOM aMcK auameTpoM B 40 Hm.

Hanee ywedble [TOMECTUAM MATPULY KAaHTWIEBEPOB B pacTBOP, COAED-
xawuit onnHakosele JHK, cocrosuue w3z 1578 nap nywkineornaos. Hnd
KCMEPUMEHTATBHBIX Leaelt MoneKynbl O 06paboTaHbl TMoMOM, Braro-
DApSl YEMY OHU CMOTJH JIETKO NMPUCOSAMHSTBCS K 30JI0THIM AWCKAM Ha 1o-
BEPXHOCTH KaHTuaeBepoB. [To 1potecTsuy HEKOTOPOro BpeMeHu Ha Ha-
HOYCTPOMCTBE OKa3anoch HOBOABHO MHOro Moiekyn JHK, cesizsaHHBIX C
KAHTHUJEBEPOM.

BoaneiicTRys Ha KAHTHIEBEPH JYYOM Jiazepa, yyeHhie 0BIINCh YacTOTh
BuOpauuy ot 11 no 12 MI'u. C nomolubio APYroro nasepa WCCIeA0BaTes
M3MEPSJIM YacTOTY OCLWIAATOPA B pealbHOM Bpemenu. Janee HOMC-Bech
GBINK «OTTAPHPOBAHBI» — YYEHBIMM YCTAHOBJICHA 3aBHCHMMOCTH H3MEHEHHS
4acTOThl OCLUUISALMH OT Macchl MoNeKynbl. Tak, MU3MEHEHHE MAcChl KaHTH-
Jiesepa Ha | aTTorpamm MpUBOAKMIO K H3MEHEHMIO YacToThl Ha 50 I'u.

HAnst Toro 4rodsl NOCTPOHTH paboTralowmit 6enkosblit U JTHK-aHanu3a-
TOp, HeobxoAuMO Ha HOMC-ocuMMIIATOPBl HAHECTH ClIeUMaNbHbIE MapKe-
PBI, K KOTOPBIM M OYAYT IIPUCOEAHHSATHCS B3BELLUMBAEMBIE MOJICKYNBL.

Kak yrBepxaaer Kpaiirxea, Ternepb a0 32 TeM, UToOkt coOpaTh BCe ya-
CTH AETEKTOpa B OAHO YCTPOUCTBO, TOTAA MOXHO O6yneT rosopuTh O AeACTIH-
TeJIbHO MOGWIBHBIX «HAHOBECAX».

Bpawalowuiica HaHonponennep'

Hccnenosarenu w3 KaHaobl M3roToBMIM BpPaLL@IOLIMIACA POTOP HAHOMETPO-
BbIX PasMepOB, KOTOPLIA MPUBOAMTCS B JBVDKEHHE XMMUYECKUM TOIIMBOM —
nepexuchio Bogopona (H,0,).

Hccnenorarens Ixeddpu Ozua u ero koManaa n3 Yaueepcurera To-
POHTO CHayana U3roTOBUAM s «ThIpei» AnuHoN 300 UM, onHa NoNoBUHA
KOTOPbIX COCTOANA M3 301074, a Apyraa — n3 nuxeas. Hanee necnegonsarenu
CKOMMNOHOBATH H3 HHUX POTOp, MOXOXMil Ha nponewnep (puc. 3.20). Aua-
METp poTOopa coCTaBuil OKoNo [ MKM. [loayveHHOE YCTPOHCTBO NOMECTHIU
Ha KPEMHHEBYIO MAaTpPULLy, TZIe POTOP 3aKPEMHUiH Ha MUHHMATIOPHOM MO~
UIMTTHUKE CKOABXEHHS. Beio cucremy 3anmnu Boio#. Kak TosibKO B BOAY
6bL1 nobaseH cnabblfi pacTBop nepexuck Bogopona (H,0,), nporesuiep Ha-
Yal BpaLIAThCsl ¢ YIOCTOAHHOM CKOpocTho. Kak rosoput O3uH, OTKPBITHE
NPOM30LLIO0 CAYYalHO, UCCAENOBATEIN HE CTABWIK Neped coboil LIeNnbio co-
31aHWe MEPOKCUIHOTO MoTopa. Llenb Mx MCCneaoBaHWit — CO3AaHHE HAHO-
CTPYKTYD PA3NTUYHOTO TMIA, & JODARNEHUE MTEPOKCHIA B pacTBOP OblLIO BCETO
JHUIL OXHUM W3 TECTOB.

PacckaxeM noapobHee, kak paboTaeT HOBKIH akToaTtop. Db dekT Bpa-
WEeHHMs TToAyyuncs 61arofaps TOMy, 4TO JIOMACTH Npofiesiepa COCTOST U3
METANNOB, palHuYHbIM O0pa3oM B3aMMOIEHCTBYIOIUMX C IIEPEKHUCHIO BO-

' BBC: Nano-Propellers sent for a spin.

Bpawawwuics nanonponennep

Puc. 3.20. CrpykTypa HaHOPOTOPA M NOJIOXKEHUE AIOMNACTeH B pa3Hble MOMEH-
Th! BpCMEHH

A0poaa. 30J0TO He B3aMMOASHCTBYET ¢ NEPEKUCHIO, a NOMACTH Nponene-
pa NpPYCOEAVHEHB]! K BAJTY 30JI0THIM KOHLIOM. A HHUKeJb BEICTYIAET B PONU
KaTajan3aTopa, MOMoras MEPOKCHAY paclaiarbCcs Ha KUCAOPOA M BOAY.
TakuM 06pa3oM, Ha HUKEIEBbIX KOHLAX C IIOCTOSAHHOJ CKOPOCTBIO Hata~
JIW 06pa30BBIBATRECS NY3BIPbKH KUCNOPOAE, CPa3y Xe OTpblBasich QT J1Ora-
cri. VIX ABMXXEHUE, HAIPABJIEHHOE OT JIONACTY B OKPYXAIOWLYIO CDELy,
BLI3BAJIO CMIlY, KOTOpas, B3aMMONCWCTBYA Ha JOMACTH, 3acTaBwia poTop
BpaLIaTHCS.

Tpu MOCTOSIHHOM KOHLEHTpaLUK NEPOKCYIa B PACTBOPE POTOpP Bpa-
HIAJICS C MOCTOAHHOI CKOpocThio. MccienoBaTenaM Naxe yoalocs peBep-
CHDOBATh HallpaBieHyue BpaleHHA potopa. Ho necmotps Ha 70 yTo noay-
YeHHbLA DOTOP «NOYTH» HaHOMawWHa, O3UH COMHEBAETCS B TOM, YTO
UMEHHO TaKMMMW ABUraTensiMu OyfyT B OyaylueM MPUBOAMTLCH B ABMXKE-
HYe HaHOoCUCTeMBl. «[la, TOoJydeHHOe HaMM yCTpoHCTBO Bpaluaetcs. Ma,
MPaKTHYECKH BO BCEX MALUMHAX €CTh MOTOPbI BpAIATENBHOLO AEHCTBHS,
KOTOpBlE NMPHBOAAT WX B ABUXKeHHe. Ho 3TOT MOTOp HeympaBnsem, a 3To
OrPAHUYKMBACT €0 BO3MOXXKHOE NMPUMEHEHHE B TAKUX HAHOMALUMHAX, KakK
HaHOMAaHMITYAATOPLl U HAHOPOGOTRE», — 3AKNOYWI HCCACAOBATENb.

HanoMHuM, 4To paboThl M0 CO3AaHMIO AKTIOATOPOB BPALUATENLHOTO Aei-
CTBHSA BedyTcst YKe naBHo. PaHee ObUIM cO3AaHBl HAHOMOTOPB! Ha GMonoru-
yeckoil ocHoBe (ATd-cunuresa) ¢ MCMONR30OBaHUEM KpeMHUeBeIX HOMC-
ycTpoitcts, a Tacke monekyn JIHK. Hoswlit MoTop npeacraenser coboit knace
XUMWYECKHX HAHOMOTOPOB, KOTOPBIMM MCCJACIOBATENM €LUE BCEPhE3 HE 3a-
HIMATUCE.
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HoBbih Nogxoa B HAHOMOTOpPAax —
UCNOJSIb30BaAHUE CUJIbl MOBEPXHOCTHOIO
HaTsHXeHua'

®uasnku n3 CLHA mocTponny nepBbIil HAHOINEKTPOMEXAHMYECKMI aKTrOa-
TOP, KOTOPLIA MCITQIB3YeT H(DeKTsl MOBEPXHOCTHOIO HatsnkeHust. «Perak-
CHPYIOIMH OCLIM/INSITOP® COCTOMT M3 ABYX Kallejlb XKUAKOro MeTajla Ha [o-
BEPXHOCTH YTJIEPOAHLIX HAHOTPYOOK M TIPUBOAUTCS B ABHXKEHHE cIaGniM
3JeKTPOMArHUTHbIM NoJieM. Asteke 3eTT W ero komaerd uz KatndopHuii-
cKoro yHuBepcutera u HauwonansHoit mabopatopuu JloypeHca 3adBnsior,
YTO HOBHII HAHOMOTOP TOCIYXHT MPHUBOIHBIM YCTPOHCTBOM ANST PA3TUYHDBIX
HaHo3JeKTpoMexaHnyeckux cucreM (HOMC).

[TosepxHOCTHOE HaTsAXeHME MrpaeT OONBIIYIO POk B HAHOPA3MEPHOM
[ManasoHe. Yxe B MUKPOHHOM AMATIa30HE OHO MMEET JOMUHHPYIOLIEE 3HA-
YEHHE 10 CPABHEHHIO € APYIrUMU CuaMu. BoT nouemy, HanpuMep, HEKOTO-
Pble HACEKOMbIC MOTYT XOMWTL [0 NOBEPXHOCTU BOARl. Crnabdoe anekTpomar-
HMTHOE TTOJE MOXET M3MEHATh [IOREPXHOCTHOE HATSKEHUE KATEN b XKMIKOCTH,
W 9TO TPUMEHSIETCS] B TAKHX YCTPOHCTBAX, KAK CTPyHHBIE TIpUHTEphl. Ho mo
CHX TIOp 3TY CHITY HE pACCMaTPHBAIH B KAUECTBE ABHXKYILEH.

Puc. 3.21. Hpmlu}m JeHCTBYA HaBo-
/_:— MOTOpa
===

N

=

CxemaTvueckoe H300paXeHUe HaHOIEKTPOMEXAHHUECKOTO DeJlakKCH-
PYIOLIETO OCLM/UIATOPA «ABE KANAW XWAKOCTH», obo3HaueHHble | ¥ I u
PACIIOJOXEHHHbIE Ha [I0OBEPXHOCTH YINIEPOAHON HAHOTPYOKM, MOKA3aHO HA
puc. 3.21. DaeKTpUUeCKU TOK, NPOTEKAIOMA N0 HAHOTPYOKE, BbI3bIBAET
MUTPalMI0 OTAEAbHBIX ATOMOB Karle/ib BAOJb NMOBEPXHOCTH HAHOTPYOKH OT
kamu I K kanure 11 (HanpasfeHe noKa3aHo ManeHbKOW cTpenkoi). Panuyc

I New look for nanomotors (http://www.nanotechweb.org/ articles/ news/ 4/ 3/ 11/1).

Hogeui nooxod e Hanomomopax \)

MaleHbKON Karuinm LI yBeiamuvpaercst OpicTpee, YeM YMEHLIIAETCSE paauyc
xamwnu 1. IMpouecc anaurca xo T€X 0Op, MOKA KATUIM HE CORPHKACAIOTCA APYT
¢ apyroM. Criibl MOBEPXHOCTHOTO RATSDKEHMS 3aCTaBIIIOT KATUIM OMEHSTbCS
MECTaMH, WCIONb3ysd CO3MAHHBINA KacaHHeM THAPOAMHaMUUSCKHH KaHat.
3areM LMK TIOBTOPSIETCsT. YacToTa nepeMellieH s Kalelb 3aBUCUT OT BeIH-
YUHBL ITOCTOSIHHOTO HANDSDKEHMS, NPHAOXKEHHOIO K HaHOTPYOKe.

OCLM/IISTOP, M3TOTOBAEHIbIH 3€TTIOM M €ro KOJUJleraMH, COCTOWT N3
«OONBILOA» KATINU XMIKOTO MHAUSA AMaMeTpoM 90 HM, pacrnoJOXCHHONA pa-
AOM € «MaleHbKoit», anametpoM 30 Hm (puc. 3.21). Lnki ocuusmiasitopa co-
CTOMUT M3 OBICTPOH «penaKkcalliys» ¥ MEIUICHHOrO «BOCCTAHOBIIEHUSI» KAleb.
Tpynmna uccaenoBaTeeil 3anycTuna MOTOp ¢ ObICTPO#t (pa3bl «BOCCTAHOBIE-
HUS», TIPWIOKMB [IOCTOAHHOE HARDSKCHUE K HAHOTPYOKE, 3aCTaBHUB aTOMbL
MUTPHUPOBaTL OT ONHOW Kanjau K JIpyroi.

Puc. 3.22. Mukpogotorpabuy HAHOMCKTPOMEXAHHYECKOIO OCUMIIIITOpA

Pan mukpodororpaduii (puc. 3.22), monyyeHHbX ¢ noMouipio TOM
(MPOCBEUMBAKILMEI CKIPOHHBIN MUKPOCKOI), TOKA3LIBAXOT OAUH NEPU-
o4 Kosebanny ocumisTopa. Bropas dororpadust cnepa mokaspipaeT 06-
MeH XUAKrMM MeTamaom Mexay xarumamu | u 11, HanoTpyOka, BHanMas Ha
dhororpadisix, CIYXKUT RAHONIPOBOAHNKOM dIEKTpHuecKoTo Toka. Ha nmep-
BOM H300pakeHMM Kama 11 ene BUAHA, HO yXX€ HA TPETHEM OHA YBEAUYH-
Jachk B0 COMPHUKOCHOBeHHs ¢ Kame# 1. Ha ueTBepToM kKaape MOXHO BH-
JAETh COCTOSIHME OCLMISITOpa IOCHE pefakcalun, COOTBETCTBYloUlee
Hayajy UHKJa.

C nomolublo Kamepsl, BCTpoeHHoH B TOM, uccaenoBateny Habmoaalu
NpoLece fepeHoca aTOMOB OT OAHOM Karid K Apyroi. Kak TodbKo Kanniu
CONPHKACANMUCh APYT C APYTOM, MeXAY HMMH BO3HMKaJ IMApOAHHAMHYEC-
KMA KaHaj, KOTOpbiit CrTOCOOCTBOBAT YCKOPEHHOMY TIEPETEKaHMIO aTOMOB
METANNa, ¥ TaKyiM 00pa3oM Karit MeHsIMCh MecTaMM. Co BpeMeHEM 3TOT
Tipoliecc ToBTOpsUIca (puc. 3.22).

3ertn ¥ ero KoMaHaa YBEPEHbl, YTO CMOTYT YBEAMYHTH HacTOTy paboTht
OCHUNIATOPA, YBEIUUYMB aMIUIMTYAY IOCTOSHHOIO HanpsDKEHMsI, Moaasae-
MOr0 Ha HaHOTpYOKy. B paGoralolueM HAHOMOTOPE LMK OOMEHA KarUisiMu
npoTtekaeT 3a 200 11¢ npu npuacKkeuHOM HanpsxeHuu B 1,3 B. Ecnu yyennie
[OBLICAT HanpLKeHwne 1o 1,5 B, To yacroTa ycTPOWUCTRA BOMAET B rUTarepiie-
BBIA JMATIA30H.
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Fa30BbIA HAHOCEHCOP Ha OCHOBEe
npoBoasuiero nonaumepa'

UccnenoparenaMn M3 HalunmoHanbHOrO MHCTUTYTa CTaHAapTOB W TEXHO-
sorunit CUIA (NIST) 6511 CKOHCTPYHMpPOBaH HOBBIH HAHOCEHCOP Ha OCHO-
BE NMPOBOASUIMX MOJMUMEPHbBIX MJIEHOK, KOTOPBI#t MOXET YIaBAHUBATL I'a30-
obpasHbie xuMUUueckue coeanHerns (puc. 3.23). Ux paboTa Obita ontucaHa
B BBIMTYCKE XypHana AMEPHKAHCKOrO XMMHYecKoro obiiectsa oT 6 amnpe-
ng 2005 r. Bnaronaps HaHomopaM, pacrnoyioXeHHbIM Ha TTONUMEPHOM IUIEH -
K€, CEHCOp ACTEKTHPYET OYeHb Malible KOHLEHTPAlUKH ra3000pasHblX XHU-
MUYECKHX COCAMHEHUI.

| | ,
2um | | 2um

Puc. 3.23. Ha muxkpodororpadnax, noayyeHHbIX €O CKAHUPYIOUIEro
3neXTPOHHOro MUKpockona (CTM), BUAHE! OCHOBHbLIC 3IEMCHTBI
CEHCOpPa: MMKDOHAIPCBATENbHbIN MIEMEHT (ClEBa) M pacriojioxe-
HHE HA CEHCOPE IyDuaTOro IOAMAHMIMHOBOIO NOKPBLITHS, 3axpa-
THIBAIOUIETO MOJEKYALl ra3oB (cripaBa)

YCTPOHCTBO TAKOKe MOXHO JIEFKO M3TOTOBHUTH C [TOMOLLBIO YXE Cylle-
CTBYIOLUMX TEXHOMOTHI MTPOM3BOACTBA MOMMMEpPHBLIX TwieHoK. Ho B nepsyo
ouepenb CO3JAHWE Ta30BOTO HAHOCEHCOPa 0053aHO JEKTPONPOBOASIINM
nonuMepam. Onn oGnagaloT MNEKTPHUECKHUMH M ONTHYECKMMH CBOWCTBAMU,
ONU3KUMHK K CBOMCTBAM METAIOB W ITOMYTIpOBOAHMKOB. Ho B oTauyne ot
MET/UIOB, MX JIerde CHHTE3NPOBATh, OHM [ELIEBIE M, UTO CaMOE WHTEpec-
HOC, MOTYT U3rubatkcst. brarogaps 5TUM YHUKaI1bHbIM CROUCTBaM 3MIEKTPO-
MPOBO/IHbIE TUOKHE NOAMMEPEI CErofHA OOBEKT MPUCTATLHOIO BHUMAHMA CO
CTOPOHBI MUPOBOH MUKDPOSNCKTPOHHON MHAYCTDUM.

TMoavaHUIMH, HaNpAMEpP, OAKMH U3 NMPEACTaBUTENEN Kilacca 3JIEKTpOnpo-
BOMALLIMX NTOJUMEPOB. OH MOXET MCHONL30BATECA BO MHOTUX AJIEKTPOHHBIX
WUHTerpanbHbix cxemax. OnHako €ro TpyaHO 0OpabaThlBaTh, TaK KaK OH INto-
X0 pacTeopsAeTcA B OONBIIMHCTBE TPaIMHMOHHLIX pacTBopuTeaelt. Mecneno-

| New gas sensors patterned with conducting polymer (http://www eurekalert.org/
pub_releases/2005-04/nios-ngs041205.php).

Tasoewiii Hanocercop Ha OcHOEe NPOBOOAEZ0 NOAUMEPA

Barenu n3 NIST pewnnu 3ty mpoBsiemMy, NOMeCTHB HAHOYACTHIILI ONWAHU-
JluHa B cabblit pacTBOpP PACTROPUTENS.

«[JpenecTs aToro meroaa B oM, — rosoput I'yodeur JIu, onuH 13 yye-
HBIX, pabOoTalOIUMX Hal ra30BbIM HAHOCEHCOPOM, — YTO LIENK NOJMMEpPA aH! -
JIMHA HECYT ECTECTBEHHBIH I[IONIOKHTEIbHEIN 3apsin. Kak TONbKO MBI CHHTE-
3UPOBAJTH HAHOYACTHLIBI, OHU NEPECTATH CJIUMATHLCS JAPYr C APYrOM, TaK Kak
HECYT OJWMHAKOBbLIA 3apal M CHIBI 3JEKTPOCTATHKMW ACHACTBYIOT HAa HHX OT-
TaJIKWBatolle. bosee TOTO, 3THMH MOMOXUTENBLHO 3aPAXEHHLIMH HaHOYac-
THLAMY MOXHO MaHUMYIMPOBATh, IPHMEHKUB K PaCTBOPY ITEKTPUYECKOE MoJie
OnpeJeneHHoro 1abioHa, s TOTO YTOObI TORYUHTh CTPYKTYPY HeoOXoau-
MOK KOHGHUrypauuus.

B Teuenve rpoiiecca CHHTE3A ¢ OMOLUBK METOAA, NIPEATOXCHHOMO HC-
chaeposatreasiMid U3 NIST, Obtn nosyyen HaHOTyOYaTbIH TTOTMAHWIMH, KOTO-
puiit cnocobeH aqeKTHBHO 3axBaThIBATh MOREKYJb ra308. Janee uccneno-
BATENIM NPOAEMOHCTPUPOBAIH, KaK MOXHO C MOMOWIbIO ITOr0 NOAHMepa
JETEKTHPOBaTh CIHDPT WM BOOSHOW map. JIns Toro yroGbl MepeHacTpOMTh
CeHCOp Ha ApYTrUe rasnl (TOKCHYHBIE, HANPUMED), HCCNEA0BATENAM HEOOX0-
AUMO TIPOBECTH Psill NONOAHUTEABHBIX M3BICKAHUN.

Puc. 3.24. ®ororpaduu ABYX HAHOCEHCOPOB, H3FOTOBNEHHBIX HCCIEAOBATE -
mu 13 NIST. Kaxnoe ycrpoitcrBo 100 MxM B AarHy. CleBa MHK-
POHarpeBatesib NOKPBIT NPOBOAALLMM MOAMMEPOM — MONHAHHAHHOM
(3eneHoro 1BETA), a CrpaBa — TaKoH Xe¢ Harpesarens 663 NOKPLITHS

Yuennie u3 NIST 3anareHToBany nonyyeHHb HaHoceHcop (puc. 3.24)
¥ IDUHLUIT ero ApoM3BoacTsa. IIpuHumMn neficTBHSA HAHOCEHCOPA NOBOJb-
HO MPOCT: MHKPOHArpeBaTeNb NMOCTENEHHO HarpeBaeT HAHOMOPWCTHIA
MOJIMAHKIIMH, COMPOTUBJICHHE KOTOPOTO 3aBHCHUT OT TOTO THNA MOJIEKYS,
KOTOpbi€ B HEM HaxoaATcst. [10 U3MEHEHUAM 3/IEeKTPUYECKOro TOKA, Mpo-
TEKAIOWEro Yepe3 HaHOCEHCOP, YUeHble Y3HAIOT, HA KAKOM ra3 OH cpearu-
posBai.
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FazoBaa HaHOTYpOGuHA'

Kak Mbl yXe TOBOPUIIH, HAHOAKTIOATOD — OAWH M3 OCHOBHBIX KOMMOHEHTOB
HAHOMAlUMH, HAHOMaHUIMYJISTOPOB M HAHOKOMTILIOTEpOB. [To3TOMY MHOIUE
KCCIENOBATENLCKYE KOMAHIB! CTAPAIOTCS KaK MOXKHO Gonblie NpUOIU3NTh-
€A K TOMY, YTOObI PACCUMTATD ¥ CO3HATH MUHUATIOPHLIE MOTOPLI. YueHbIe U3
Kopeickoro yHuBepcuTeTa [IpeAaraioT UCMob30BaTh B KaueCTBC OCHOBbLI
HaHOAKTI0aTOpa ra3oByio TypOUHY.

Vuenniit Yaur-AHr pazpaboran rajonyi0 HaHOTYpOMHY HAa OCHOBE BO-
KCHHBIX OPYT B iApyra HAHOTPY6oK (puc. 3.25). Kak oH nonaraet, 310 byzer
IPOCTBIM ¥ HANEXHBIM PEILEHUEM IS IPUBEASHMA B ABYKEHVE HAHOMALUVH.

Puac. 3.25. CrpykTypa MHOTOCAOM-
HOM HAHOTPYOKH

Tpou3BOACTBO HAHOTPYGOK CEroAHs He SBisicTCsl NpodaeMofl. A TO, 4TO
HAHOTPYOKM MMEIOT Manbiéf anamerp (oT | HM u Gonee), MO3BOJISIET Cylle-
CTBEHHO YMEHbLUUTb pa3Mephl akTioaropa. H4roMHUM, 4TO AHAMETD CAMOTO
MaJICHBKOIO HAHOAKTIOATOPA, CO3JAaHHOTO YENOBEKOM, COCTABNAET OKOMO
500 1M (Anexc 3errn).

YueHble yXe AaBHO CHHTEIUPOBAAM M MCCIEAOBaNM MHOTOCTOMHBIE
HAaHOTPYGKH, KOTOPbIE MPEACTABIRIOT COBOM HECKONBKO HAHOTPYDOK, BAO-
XEHHbIX ONHA B ApYryw. YaHr-AHI yCCnefoBai TPEHUE, KOTOPOE BO3HU-
KaeT [p# NPOTEKAHMM ra3a Mo BHeIIHEH TMOBEPXHOCTH HAHOTPYOKM u,
M3YUMB PE3YNbLTAThl MCCACAOBAHNH, NpUIIEN K BhIBOKY, YTO CHJIY TPEHHA
MOXMHO MCNONB30BAaTh B KAYECTBE BPalUAOIIEro MOMEHTA, AeHCTBYIOLIEro
Ha HaHOTPYOKY.

! TRN: Nano gas turbine designed.

Lpodyxmur Hanomexxon02Ul 3060€BbIGANOM MUPOBOL PHIHOK \D
Panee, Hayuns Tperue B MHOTOCHOMHBIX HAHOTPYOKAX, HCCAEAOBATENN
y3HaJIU, YTO MpH BPaLUCHHMM ONHON HAHOTPYOKM BHYTPHU APYroil cuaa Tpe-
HUS HUYTOXHO Mana. Micnonb3yst pasHULY B CHJIE TPEHUS, MOXHO ObLIO Obl
3aCTaBUTE BpALUATLCS BHENIHIOW HAHOTPYOKY, BO3AEHCTBYA HA HEe ra3om
WK XUAKoCTh0. CKOPOCTEL BpalleHMsl poOTOpa MOXHO ObUIO Obl M3MEHATH,
YTIPaBiIsil KOAMYECTBOM rasa, MPOTEKAIOWIET) IO MOBEPXHOCTH HAHOTPYOXH.
IlpoBeneHHble paHee WCCAEAOBAHMS NOKa3alu, YTO €CAH BHYTDEHHWH
CJI0I MHOrOCHOHHOM HAHOTPYOKHM NPOBEPHYTh, TO OHA BO3BPALUAETCS B Npe-
XHee NnooxeHne drarofaps cuiam iekTpocTaTky. Ho npr 3ToM oHAa nBH-
raercs MasTHUKoo6pasHo, Aelas MWIUIHOH KonebaHnii B cekyHny. Mccneno-
BaTeNW PELUVIM HCTIONL30BATh 3TO CBOMCTBO HAHOTPYOKM IIST TOrO, YTOOLI
CIEeNaTh HAacoC, KOTOPbIA CMOXET HAMHETATh B APYTYIO HAHOTPYOKY-TYpOMHY
ra3 WAM XUIKOCTE. A Ta3, B CBOIO OYepelb, MPOTeKas MO BHEWIHEH NOBEpX-
HOCTH HAHOTPYOKM, 3aCTaBMIET €€ BpALUAThCsA. A TaK KakK YacToTod OCLwI-
JIUPOBaHHS HaHOTPYOKM-HAacoca MOX-
HO YNpaBaAThL (HANpUMep, M10AaB
HamnpsXeHHe Ha HaHoTpyOKy), To, co-
OTBETCTBEHHO, MOXHO 3aCTaBUTh Da-
forath TypOUHY C pa3nHYHOMN cKopoc-
Toi0 (puc. 3.26). Tax HccaenoBaTeNu
XOTAT CO3/1aTh M HACOC, U aKTKATOP.
MoaaYa ) Svmasese Kak yreepxuaer Yaur-AHT, HaHo-
rasa e 11aCOC-TYpPOHUHY MOXHO OYAET CO3AaTh
E::gf;;‘g;’;b'e B TEUCHHE CIIENYIOLIMX CEMM JeT.
O pesynbrarax CBOHX WCCICIOBAHHIM
Puc. 3.26. Ipupnyun pabGoThl ra3oBoi Y4EHble COOBUITH B HOFIﬁprKOM BbI-
HaHOTYPOMH I nycke xypHana Nanotechnology 2005 .

NMpoaykTbl HAHOTEXHONOIMIK 3aBOEBbLIBAIOT
MUpPOBOW PbIHOK'

Komnanus NANOIDENT AG, MupoBoi#t aep B 061aCTH OpraHMueCcKMx
(hOTOHHBIX CEHCOPOB, MPEACTABWIIA NEPBLIH OpraHHyecKHil OAyNPOBOLHM-
KOBBIIf QOTOHHDII CeHCOP BLICOKOrO paspelieHus [T MPOMbIIIEHHBIX TIPU-
MeHeHUH. Pa3peluenne ceHcopa cocrasnsieT 250 dpi nipu pasmepe 50xS0 nux-
ceneit. TIpuMmereHHe OpraHUuecKOM TUTIEHKH B KayeCTBE OCHOBBLI CEHCOpa
TI03BOJIUNO cAENaTh €ro THOKKMM M TOHKUM. Kak roBopaTt akcneprhl, OpraHy-
yecku#l ceHcop ot NANOIDENT orkpbiBaeT HOBbIH Kiace B 06nactu (o-
TOHHbIX CeHCcopoB. OCHOBHASI 0COBEHHOCTh HOBOTO NPOAYKTA, TOMUMO Bbl-
COKOrO paspelleHMs, — €ro HW3Kasi CTOMMOCTb, O3TOMY HAHOCEHCOD OyneT
JIMAMPOBaTb HA MUPOBOM pbIHKE (pHC. 3.27).

I Nanotechnology-Now: NANOIDENT AG realizes the first high-resolution organic
photonic sensor.
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Puc. 3.27. Pa6ora doronnoro cericopa o NANOIDENT

[MosBleHHe Ha PRIHKE OPraHH4eCKOro (JOTOHHOIO CEHCOpPa, CO3NAHHOI0
C MOMOUIBID HAHOTEXHONOrWi, O3HayaeT, YTO KOMMEpPLUHManM3alus HaHO-
AIPOAYKTOB YCnewHo Havanachk. Ecam paHee NMojgo0HBIE YCTPOHCTBA MOXHO
ObLIIO cAeNaTh B €AMHHYHBIX K3eMIUIApaX B JabopaTOPHM, TO CErOAHs WX
NIPOU3BOLAT MACCOBO M OHM KOHKYPEHTOCNOCOOHLI HA MUPOBOM PBIHKE. «Pht-
HOK (DOTOHHEIX CEHCOPOB BOSHHKK ellle okoio 40 JieT Ha3ax, a ¢ [OSBIeHYEM
OPraHW4eCcKOT0 HAHOCEHCOPA Mbl NPEABUANM OOJIbILUME MaPKETHHIOBbIE 13-
MeHeHMs1, — roBopHT Iasa komnaHun NANOIDENT Knaye Llperep. — 3T0
TepBLIii B MHUpe rHGKMI HAHOCEHCOD, MO3BOMAWIMKI IETEKTUPOBATE (HOTO-
HM ¢ BHICOKMM paspewsennem». Kak ganee zassisier Lllpetep, HOBBIM npo-
JIYKT OVAET MCIIONB30BATLCS B CUCTEMax PACITO3HABaHUA OTHEYATKOR Hafb-
LB, TAK HA3hIBACMBIX «YMHBIX» KAPTOUKAX M Pa3iv4HBIX OHOYMNAX.
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Puc. 3.28. Crpykrypa DOTOHHOIO Yuia

ﬂucnﬂeu HOB020 NOKOACHUSR RHA MUPOBOM DbIHKE \)

Opraduyeckuit cencop cocTort M3 rubkoit PET-wienku, conepxaweit
YILTPATOHKHE CIOH MMKPOCTPYKTYPHPOBAHHBIX JEKTPONOB M (POTOAKTHB-
HBIX MONYNPOBONHMKOB (puc. 3.28). «Mbl cMornu pas3paboraTh TEXHOAO-
rmnio, NO3BOAIOLLYO HAHOCHUTD TIOJYNIPOBOAHHUKOBBIC CJIOHW Ha [UICHKY NO-
HoBHO TOMY, KaK INPOMCXOAMT ITCYATh H300PAKEHMS Ha CTPYIHOM NIpUHTEpE.
I'pybo roeops, Mbl [POCTO nedaTaeM Ha IJICHKE HECKONBKO CJ10EB HaHO-
CEHCOPOB CMEUMANBHBIM COCTABOM, COLEPXAILUM XMAKME TONYNPOBOIHYU-
KM. DTO [103BOJISICT CYILECTBEHHO CHU3MTb POU3BOACTBEHHEIE 3aTPaThl U,
KAK CIEACTBHE, ceDECTOMMOCTD NPOAYKTA M €0 KOHEUHYIO LIEHY», — IOBO-
put pertep. '

MHOIrME MUPOBBIE IKCIMEPThI-MAPKETONOTH YBEPEHB! B TOM, YTO MOsBIe-
HHe 3TOTO HAHONPONYKTa O3HAMEHOBAIO HAYAI0 KOMMEPLMANUZALMN HAHO-
TEXHOJIOTMIA M TPOAYKTOB € MX MCIOJb30BaHUEM, «UTODBI IIpOM3BOAUTL 2TO
YCTPOUCTBO B GONBLIMX KOJIMYECTBAX, HAM NOTPebOBaAIOCh NPOBECTH HE OAMH
rof HayvYHO-TeXHHUYECKUX UCCICAOBAHUM B OBIACTH Oprayudeckoil QPoToHm-
KM, HaHOMHU3UKHK, PUIMKH MOKPHITUH M OPraHMYECKHX MOJYIPOBOIHUKOB.
Ho 3aro Teneps MOXHO C YBEPEHHOCTBIO CKA3aTb, YTO rofbl pa3paboTok
okynsarcss, — ropopuT [perep. Komnauuss NANOIDENT takke coTpyi-
HHYAET C HECKOJIBKUMM HAyYHO-MCCICAOBATELCKMMM OPraHM3alluaMu, Gia-
rofapst KOTophiM ObUTH TIPOBENEHEL UCCReJOBaHMs B ODIACTH OPraHMyYeCcKnX
NOJYTIPOBONHKMKOB, HEOOXOAUMBIE I MPOU3BOACTBA CEHCOpa.

Aucnaey HOBOro NOKOJIEHUs Ha MUPOBOM
pbiHke'

Toxoxe, XHAKOKPUCTANANYECKHME TUCIACH AOXMBAIOT CBOH TIOCACARYUE THH.
B 6mmxaituwieM GyayLiemM vMxX 3aMEHMT TaK HasblBaeMasl «3JIEeKTpOHHas GyMa-
ra» ¢ ropa3ao 6onbUIeit KOHTPACTHOCTBIO U BrIcTpoaeicTBMeM. QTUaCTH MTPHH-
LM OEHCTBUS HOBOI TEXHOMOFMYM DAZHPYETCA HA XWIAKMX KPHUCTALIAX, HO
HMECT psili HOBOBBEACHUI M YyCOBEPLIEHCTBOBAHUIA.

TpaadUHOHHBIE XUAKOKPUCTALTHYECKHUE AUCILVIEM HE MOFYT 3aBOEBATh
cebe MacCOBOil NOMYAAPHOCTH CPEAU LIHPOKOYO MOJIbIOBATENS 10 TPEM NIPH-
YHHAM;

® M3-3a HU3ZKOIO BpEMCHH OTKJIMKa MATPHULbI,

e M3-3a MAJOTO yrna ob30pa;

®  M3-33 BLICOKOM CTOMMOCTH.

Kak npapwno, mis paboThl ¢ MyJILTHMEAMArporpaMMaMM, NpocMoTpa
BHIEO M KOMMBIOTEPHbIX UIP NOJIL30BATENW BEIOMPAIOT OObIYHLIE WIEKTPOH -
HO-JY4eBblE MOHUTODLI, IIOCKOJbKY YToJ1 0030pa Yy HHUX AOCTATOUHO O0JIb-
LWOM ANST TOTO, TOBBl CMOTPETh (HDUIBM MM WIpaTb B KOMMAHUM Apy3eit.
2KHIKOKPHCTANNMYECKHE K€ MOHMTOPBI OOBNMHO MCIOAB3YIOT B OU3HEC-pe-
IUEHMAX, Ie HY>XXHO COXpaHMUTh NOJIE3HYI0 nnolliaab paboyero Mecrta.

! HosocTH HAHOTcxHonomﬁ. Kypuan HMCT. 2005. Ne 1,
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He cexpeT, yTo nocieaHNE HECKONBKO JCT NpousBoauTenn 2KK-nanenen
MBITAOTCA YAYYLIUTD MX MAPAMETPRI, U NOCTCNCHHO MOHMWTOPBI CTAHOBATCS
Gonee KauyecTBEHHbIMM W CHMxawTes 8 uene. Ho ckopee Bcero, npu uc-
MOL30BAHM M TPAIH UMOHHBIX JKK-TeXHONOTHHA Ha phitike He N0ABATCA JMC-
[UIEM C BbICOKOM KOHTPACTHOCTLIO U BbIcTpoaeHCTBHEM. YayyLIEHHE Xe Tpa-
anuuoHHoi XKK-TexHONOTMM € MOMOLULIO HAllOTEXHOMOTHH NO3BOJMT
BbUIBMHYTb H2 PbIHOK HOBOE [OKOJIEHHE AMCIUIEeB, KOTOPhIE MOTYT BbiTEC-
HHWTS 31EKTPOHHO-JIYdEBbIE U JAXE MAA3ZMEHHDIE.

TTpOTOTHITHI IMCILIEE B, CO3NAHHDBIX C MCTIONB3OBAHUEM HAHOTEXHONOTNM,
yxe ecTb. Bonce TOro, cyWecTBYIOT NPOAYKTH, YXKE NPOAAIOLUHECT HA MUPO-
BOM puiHKe. PacckaxeM noapobHee 06 DTMX HOBMHKAX.

Onun 13 rarmardos B 001acTH «HecTaHzapTHeIX» XK-gucnnees — vp-
nanackas komranua NanoChromics. Ouia npefcTaBiasieT Ha peIHKE MPOAYKT
The NanoChromics Display (NCD), snepsble NoKasaHHbIH Ha KOH(epeH-
uun «DEMO 2005».

BTopoe HazBaHME HOBOXO AMCILIEN — «auciinedt uepHuna-Ha-oyMmare» (ink-
on-paper display). HaszpaM oH Tak notomy, uro uzobpaxeHue, chopMupo-
BaHHOE HMa JMCIUTEE, MOXOXE HA OYMAXKHBIA PUCYHOX, BBIITOMHEHHBII LBET-
HBIMK YepHUIaMU. H300paxeHue HacTONbLKO KOHTpacTHO, YTO yron ob3opa
avcrutess cocTtapaaeT 180°, 3TO COOTBETCTBYET MAKCHMANBLHOMY 3HAUCHWIO
s moOeIX ancniees Boodue. CkopocTs OTKNMKA MATpULBl B HUX AOCTa-
TONHO BblcOKa, [Tponatommecs CeronHs Oucriien MOTYT o0ecrieunsaTh 4ac-
TOTY B 60 Ka1pOB B CEKYHAY.

U3o0paxeHue ocraeTcs Ha Avcniee Jaxe TOrAa, KOria MmuTaHWe OTKIIO-
vaeTcs. ITOT 3PpexT AoCTHraeTCs Brarogaps NEPexaIOYeHHIo NUTMEHTHbIX
CNOeB, KOTOpbie hopMMpyIoT nuxkcenu. Tak Kak n3obpaxerune dopMupyer
MUIMEHT, TO AWCINNCH HE HYXNAeTcs B JONOAHUTEIBHOM TOACBETKE, YTO
CYLLECTBEHHO CHWXAET ero sxepronorpebnenne. [Ipeacragnres KoMnaHmuu
CYWTAIOT, YTO NpH ONMHAKOBBIX pasMepax NCD ©Oyaer noTpebnsTs BCEro
10% voit 3neprun, kotopylo norpebnsger LCD. Tot ¢akr, 4yTo BHCnAcH He
noTpebnsieT sHepruun A GOPMHPOBAHHA KAPTUHKW IUTUTENTbHOE BpEMA (dHep-
FHSI HYXHA TOMbLKO A4S MEPEKIIOUYCHUSI CJIOSB MUTMEHTA, KaK Mbl FOBOPWIH
Bblllie), MO3BOMUT c03AaTh HAa Dase NCD «xuAKOKpUCTaUIMYeckne obou»
WK APYTHE OEKOPATUBHLIE 3JIEMEHTHE.

PaccmoTtpyM npurumn geicrena aucnnes NanoChromics (puc. 3.29). Ouc-
[Uiel COCTOMT M3 HeCKOJIbKMX cnoes. M306paxenue GopMUpyloT aBa «pado-
UMX» CJOA. BHELUIIWH OTPAXAKIMA CI10iH, COCTOSTILMMI U3 HAHOUYACTUL JHOK-
CHAa THTaHa (9TO BELIECTBO NMPHMMEHSETCST B OYMaKHOM MPOMbIUIIEHHOCTH
U npuaarims Gymare 6700 1BCTA), W SAESKTPOXPOMHKIA CIOM € Kpacsunm
nurmeMToM, Kak TosbKo HA CHOW MOAAETCA PAa3HOCTh NOTCHLMAJIOB, 3/IEKTPO-
XPOMHbINA Cj10# nepeMetaeTes OMKe K OTPAKAIOUIEMY U TMOJB3OBATENb BH-
ANT YETKYIO KAPTUHKY C BBICOKOU KOHTPACTHOCTLIO. A €CM U3MEHUTD MOASP-
HOCTb HANPSIKEHUS, TO CAOH «[1EPEKIIIOYMTCS» B TAKOE COCTOSIHUE, PU KOTOPOM
OyaeT BUAGH TONLKO OTPEKAIOWKH NUIMEHT AMOKCHIA THTAHA.

Hucnneu H06020 ROKONCHUR HA MUPOBOM pbiHKe

INEKTPOXPOMHbLIA gucnnei
C HaHOCTPYKTYPUPOBAHHLIMU NAEHKAMK
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Puc. 3.29. Tlpununn aciicreus ancanes NCD

Tax pocTuraercst GOpMHUpOBaHME KapTHMHKW. biaromaps BBICOKOR MoO-
OWIBHOCTH THICMEHTHOIO CJI0S Ha OCHOBE SJIEKTPOXPOMHBIX HAHOYACTUL
JIOCTUTAETCH BHICOKASA CKOPOCTh NEPEKAIOUEHUS!, YTO, B CBOK oYepelnb, I10-
3BossieT AODUTHECE BBICOKOM YACTOTHI CMeHbl KanpoB — mo 60 Kaapos B ce-
KyHay. Bce mucpDneu KoMnaHMM MOKa MOHOXPOMHBI, HO NPEACTABHTEIH
NanoChromics yIBepXAatoT, YTO BOIMOXHO JalbHelHliee pa3BUTHE 3TOMR Tex-
HOJA0rKMY Ansd co3naHUA BBETHLIX IUCNJIEEB — HCOGXOHHMO 6YB.CT ﬂOﬁﬂBﬂTb K
OAHOMY NWUTMEHTHOMY CAOH €LIE [Ba CAOoA apyrdx UBeToR. Iloka 4To Bce
kapTiHkd Ha NCD-mgucrutesx TeMHO-CMHHE WIK 3eAeHBIE.

Hosple MOHMTOPLI TAXKE HEMPUXOTIMBBI K OKPYXalOWeEi TeMIepaType.
HactonsHble vacel Ha ocHose NCD paGoTaloT B TEMIIEpaTYPHOM JMana3oHe
oT —35 o +80°C.

CnelmanicTsl KOMNAHHMH 3aBEPAIOT, YTO TPAAMLUMOHHYIO JUHHUIO OO Mpo-
W3BOACTBY XUIKOKPUCTALTHUECKMX MOHUTOPOB MOXHO 1epecfopynosaTh noj
NCD, zatpatus Bcero 20 000 noni. ITpy 3T0M CTOMMOCTB HOBRIX HAHOXPOM-
Hbix aycniees Oyner HuxKe.

Tloka KoMnaHusa NponoacT OTAENbHLIC NUCITNICH, HACTOILHBIC YaChl U npn-
6opbl ANMA MEANUMHCKOrO NONb30BaHUS. B Gunxaitiueil nepcrieKTHBe — Mpo-
M3BOJICTBO DJIEKTPOHHBIX KHUI K KAPMAHHLIX KOMIbIOTEPOB.

Hpyry10, He MeHee peBOJMIOUUOHHYIO TeXHOJNOrMIO NPEITOXWIa KOMNa-
Hud Bridgestone, KOTOpas, KaK 3TO HM [0PA3UTENbHO 3BYYMT, IIPOU3BOAUT
AaBTOMODMNBHBIE TIOKPLILLIKH,

o croBaM npencraBuTteneit Bridgestone, MaTepuan, 3 KOTOPOro Bbi-
NOTHEH AMCIIIEH, OUeHb TOHOK, obecnieurBaeT Gompuit yron o63opa M B TO
e Bpems TOTpebnsgeT MeHbLIE IHEPTHH.

Ha 370 W3o0peTeHHe WMHOMNPOU3BOAMTESA HABEH NPOBOAUMEIE UM UC-
ClenoBaHmns B 061aCTH 3NEKTPOTEXHUUECKUX MATEPUANOB — CTPEMUTENLHO
pasBUBAKILLIEHCS, Baaronaps MOGKAbHBIM TEXHONOIMAM, OTPAC/U.



@ Irasa 3. Hanodamuuru u nanoyempoticmea

Kax coofwaT npeacrasyreny KoMnaHuM, BpeMs OTKITKA HOBOIO XUI-
KokpucTaimieckoro aucruies B 100 pa3 meusblue, 4emM y obbiyHbx LCD-
mMouuTopoB. Hosoe ycrpoiicrso nassand Quick Response Liquid Powder
Display (QRLPD). MHHOBauuMs, No3BosAI0WAS HACTONBKO YBENMUYUTD CKO-
POCTb OTKJHKA, COCTOUT B MPUMEHEHMM TEX XE€ HAHOHACTMU.

Cneumnanuctsl 3 Bridgestone ucnosib308aiM B 3TOM MOHHUTOPE HOBBIA
TN MaTePUATOB — HAHOCTPYKTYDHPOBAHHbLIC MOPOUIKH, KOTOPL(E ITPM OI-
peaeneHHbIX YCIOBUAX BedyT cebsl Kak xMakocTu. [TosToMy HOBBIT HUCTLTEH
HasbiBaeTca «Liquid Powders (1.6. «XWIKOTIOPOUIKOBLIi»). 3TOT HAHOMaTe-
pnan peardpyer Ha 3JEKTPuUYecKoe Nofe o4YeHb 6bICTPO Gaarogaps CBOMM
3AEKTPHUECKUM CBOMCTBAM. 3a CYET ITOTO JOCTULAETCS BbICOKAs CKOPOCTb
OTKAMKA. A TQ, YTO RaHOMAaTepHUal NMPOSBIASET CBOKCTBA XMAKOCTH, FI03BO-
JISET JEeNaThb THOKYIO «3NMEKTpoHHYK OyMmary» (puc. 3.30) Ha ocHOBE HOBO
texHosorun. Taicke QRLPD orpaxaer Gonee 45% nanaiowero Ha Hero cee-
Ta. 3T0 3HAUUT, UTO «INEKTPOHHAA OGymara» GyaeT noxoxa Ha oObIYHYIO
apKo-6enyro,

Kaxk v ero ananor or Nano-
Chromies, ancnneit QRLPD
TaKXe XpaHUT W300paxeHue
Mpy OTKMOYEHNU nuTanus. Ilo
cnoBaM KoMaHAel U3 Bridge-
stone, yrnpaBJEHHE HOBBIMH
NaHeJaMM He TpebyeT cTauaapT-
mbx TFT-marpuu (TFT — «thin-
film transistors» — mnaeMka u3
TPaH3UCTOPOB, YN PaBISIOLUIMUX
oTobpaxeHueM uHpOpMaUUK
Ha AMUcCnee), KOTOphlie NpM-
MeHsitoTcs B oObiuHbIX LCD-
MOHUTOpAX.

Ecnu nucnnei ot Bridge-
stone noka MaccoBO HE JPOM3-
R R s | BOAMTCA, TO KOoMnauus Nano-
~Bh f-.?f m ' Chromics yxe npoaaeT C8oM
S — ”—-’{&:E&ffﬂﬂf AUCIEU, achl U MEAULTIMHCKUC
- npubopsl. Tak yTo HaHOmMCIH-
Nel yxe «noKuHyn J1aboparo-
PUIO», UErO HE CKAKELUb O MHO-
THX COBPEMEHHBIX TOCTHKEHMUSAX
HaHOTEXHOJNIOTHI. A cyms 1o
TOMY, YTO TOBAphbl Ha WX OCHOBE
eCTh B NMPORAXE, MOXHO CMENO TOBOPHTL O TOM, YTO AMCIUIEM W4 OCHOBE
HAaHOTeXHONOrWH BBNUAY Ha poiHok. M 2005 r. cran «ropom craHosxeHwus»
ANST 9THX HOBWHOK.

| W8
]
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Puc. 3.30. Quick Response Liquid Powder
Display

lepsutd ygemnod ducnneld na Hanompybrax om komnanui Motorola

Mepebli UBETHOM gucnnei Ha HaHoTpyOKax
ot komnaiuu Motorola®

Hucrney Ha HaHoTpybkax 1 OLED-texHosoruax moctarouro OIK3KO NORO-
LUK K BbIXOAY HA MWPORBOM PbIHOK. M HemaBHO 370 elfe pa3 MOATBEpAWIA
Kommauusi Motorola.

Ha sroT pa3 Ovln co3maH IUIOCKMA UBETHOH AMCIINIEH Ha OCHOBE HAHO-
Tpybok. Mcnons3oBanue HaHOTPYOOK NO3BOMNT €O34aTh IUIOCKO-NAHEbHbIE
AUCIUIEN, NMEIOLLME ANUTENbHbBIH CPOK CMyObl, obecneuyBaloIME BhICOKOE
KaYECTBO W (PN 3TOM CTSSLUME 3HAYUTEALHO ACLIER/E, YeM T, KOTOPHIE Mbl
MMEEM CETOAHS (MAA3MEHHLIE W XYAKOKPHUCTATHYECKUE).

[ pOAEMOHCTPHPOBAH UL MPOTOTUIT ONTUMH3HpOBaH st TpeDOBaHM
TEACBUWICHHUS BbICOKOH 4eTKOCcTH. Kak Hu cTpaHHoO, HO 3T0 paboTocnocob-
HBI JUCTUTEH, 8 HE MUHM-3Kpar IS MOOWIbHOrO Tenedona. Oy npejcTas-
nisieT coboi S5-mIoAMOBLIH (PparMeHT 42-M10HMOBO NAaHENH paspelieHHeM
1280x720 nukcenei. TonwinHa naHeaud — okofo 3 MMm. Jns oroGpakeHus
1IBETA HCIONb30BAHL! MPUBLIYHBIE MO TEJCBU3HOHHLIM KMHECKONaM JIIOMM-
Hodopbl, uTo ofecrneynBacT SPKHE H €CTeCTBeHHbie uBseTa. I1o cKopocTH
OTKJIMKA, YTty 0630pa, ZHanasoHy padouux TeMIepaTyp MPOTOTHUI HE YCTY-
TaeT AMCresaM Ha Gase aJIeKTPOHHO-/yueBbix Tpybox. M aTto Jaer npeumy-
LIECTBO AUCTARSIM Ha HAHOTPYOKaX MepeN 0ObIYHBIMA IUIA3MEHHDBIMM M XKWL -
KOKPHCTAINHIECKUM.

CyTh TEXHOJOI'MYM CBOIUTCS K «BBIPALLMBAHMIO» HAHOTPYBOK HENocpen-
CTBEHHO Ha CTCKJAHHOR MOMJOXKE, CBIA3BIBAS UX C HEWO € [OMOLUbIO Oopra-
HUYECKO! TIaCcThl, KOTOpas MO3BOASIET AOCTMYL GOJee MOWHOH 3IMKCCUM
ANEKTPOHOB M3 HAHOTPYGOK.

Kax BsI 3HaeTe, HaHOTPYOKM — Aoporoi Tosap. CeroaHst rpaMm YHCTBIX
HAHOTPYBOK CTOMT oxono 60 gout. Kak yTBepsaalor crielinanucTsl, B Oyay-
L(EeM HAHOTPYOKM MOTYT CEPbe3HO ITOACHIEBETD, YTO NOJIOXUTEIHHO CKaXEeT-
cfl Ha ueHe Oynywmx NED-ancrimees. Tak, Mapkeronoru n3 Motorola Ha-
3Banu cBoif npoaykt — Nano Emissive Display (NED), T.e. aucruiet ¢
3IMUCCHUEH IJIEKTPOHOB N3 HAHOTPYHOK.

[IponemMoHCTPHPOBAHHBIH B paMKax npeseHTannu obpazert NED-anc-
aness MmeeT JMaroHaab S NI0MMOB M mpeAcTaBiseT coGoi ¢pparMeHT
42-potimosolt HDTV-naHennu ¢ paspemennem 1280x720 niukcenei U co-
OTHOWEHHEM cTOPOH 16:9. TonlwmHa NPOTOTHIIA COCTABIAET BCero 3,3 mMm.

«Hawa koMnaHusa umeer 15-netHuil oneitT paboTsl ¢ HAHOTPYOKaMK, Uy
Hac ecTh oKoJo 160 narentos, kacawougxcs Tonskoe NED-Texsonorun. Kpome
TOTO, ¥ Hac ecTb paboTocnocobrrie 0Opasusl. Bor noyemy Mpl HaaeeMcst Ha
CKOpO€ MNOABIECHHE HA pbIHKE AMCINECEB HOBOTO IMPETCHAEHTA B JIWMACPLI» —
Tak ckajan xuM O’KoHHOp, BHLE-TPEINTEHT KOMIMAaHHWM.

' Motorola. Motorola Labs Debuts First Ever Nano Emissive Flat Screen Display Prototype
(http://www.motorola.com/ mediacenter/news/detail/ 0,,5484_5474 23,00.html).
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Ilpeanosaraercs, 4TO APHMEHEHHE HOBOH TEXHOMNOTHMH MPOH3BOACTEA
TUIOCKOMAHEIbHLIX JUCTIIEER MO3BONUT YBEAMUYHTb MX CPOK CIIYKObI M ONHO-
BPEMEHHO CHH3UTH cebecTOMMOCTL. [10 oueHKaM aHaNMTUKOB (UPMBI
DisplaySearch, u3rotoBneHu1e ycTpokcTsa ¢ AMaroHansio 40 ToiMoB No me-
Toanke Nano Emissive Display oGolinercsi npoM3BoauTensM rnpuMEpHO B
400 nona. CLUA. BripoueM, 0 CPOKax IpakTU4ECKOTO MCMONBL30BAHUS TIpe-
JIOKEHHON TEXHOMOTMM CrieLManucTLl Motorola noka ymanyusawot. Oxuaa-

Ntock, vTo Gonee noapodnas uHdopmarma o metonke NED 6ymer o6Hapo- .

nosaHa B 22—27 mas 2005 r. Ha sbictaske Society for Information Display
International Symposium, Seminar and Exhibition B Boctose.

MonekynsipHbie mawmHbl Bpawaiot OHK
BAOJIb OCU'

Hunepnannciie vccresosatesnn ACTANbHO U3YYIIM MEXAHH3M BbICBOGOXIE-
HYsl Bpalllalowero MOMERTA, NpucyTcTBylowero B monexyne JHK Ha Monexy-
JIIPHOM YPOBHE, KOTODbIM aKTHBMPYETCS 3H3UMOM — TONOM30Mepasoil |B.
B kauectse winocrpauum ceoeit paGoTht YUSHbIMM GbL1a COCTABIEHA MaTe-
MaTU4ecKast Moacib B3aumonehicreug Monexkynsl JHK ¢ sd3uMOoM U Ha ee
OCHOBE BBINIONHEHA KOMMBIOTEPHAA aHMMALIKS, NOKa3bIBAIOLWAS BPaWCHNE
MOJIEKYALI BOKPYT CBOEIH OCU.

PesyabTaTel cBoelf paboTbl yueHBIe OMYBNMKOBATK B BbUIYCKE XYPHANA
Nature or 31 mapra 2005 r. Tam Xe 6bUT NpenCTaBIeH PSA PUCYHKOB U3
KOMTIBIOTEPHOH aHUMALKMK, NOACHAIOWEH, Kak paboTaeT sH3uM (puc. 3.31).

Puc. 3.31. SH3nm paspesaer AHK, ocso-
6oxaa8 TOPCHOHHLIH MeXaHWYECKHMH Mo-
MEHT, KOTOpLIH BPALAaeT MoAekyny (kaap
U3 AHUMALMH)

' NWO. Doing a spin with DNA (http://www. nwo. nl/nwohome. nsf/pages/
NWOP_6AXJ7K_FEng).

Hanoseaocuned noxaxcem ceba na Tour de France 9@

Kak uapectHo, Monekyaa JHK cocTouT U3 aByx uereil, CBI3aHHBIX MEXAY
coboit DazaMu-ocHOBaHMSIMU. M 9TV LEeNM CBepHYThl B ABOMHYIO CIMDPalb.
O06pa3HO roBopsi, MOJEKyJla MPEACTaBaseT cOoB0it BEPEBOYHYIO NECTHUILY,
CKPYYEHHYIO N0 OCH, NEPNEHAMKYIAPHO#M cTyneHsiM. Kak BbISCHWIN ucche-
AoBareny, B TakoM noxoxennu JJTHK akkymynupyer MexaH HHeCKH il MOMEHT.
Tloxoxue cucTeMbl, CO3aHHBIE YETOBEKOM, HA3bIBAIOTCA TOPCUOHHBIMU. OHM
LIAPOKO UCTIONB3YIOTCH B MAIUMHAX M MEXAHM3MAaX, [A€ HY>XHO aKKyMYJInpo~
BaTh MEXAHMYECKUMN MOMEHT.

B npouecce aencHMs KeTKy 2H3WMBI paspesator JHK Takum obpasoM,
4yTob6l OCBOGOAMBLUMECS TTOCAEAOBATENALHOCTH MOXHO ObLIO CKONMPOBATh.
3T0 HeoOX0AMMO NipH NeAeHHM KIETKM. DH3WMBbI NPEACTABISTIOT CODOMH MO-
NEeKYISIpHbie MallWHBL C MHOXECTBOM (YHKLMKI, CO3MaHHbLIE NMPUPOAOH.
OnHaKko Ansi QYHKUMOHUPOBAHMSI KIETKM HYXHO, UTOObI MOJAEKyja OcCTa-
Jach He(oOBpexXAcHHOH. T103TOMY CYLLUECTBYET CAOXHLIA MEXaHW3M pasBo-
pauuaHmng uenu AHK u nocneayiowero ee cropaurMpanus. OnHy u3 byHK-
UM, HeOOXOAUMYIO ULl Pa3BOPauyMBaHMA Leneil MoJeKy/bl, 00eCrIeuuBacT
3HEPrusl, cCoXxpaHeHHast B TOPCHMOHHOM cucreme JHK.

TopcHoHHbIe CHIbl 3a4aCTyI0 KOHTPOJIUPYIOT BECh NPOLIECC PA3BOPAYU-
BAHUSA U CBOPaYMBAHUA MOSeKYNbl. OAHAKO OTAEAbHbIE DHIUMbI, HAPUMED
TonousoMepasa [B, MoryT ymeHbllIaTh TOPCHOHHBIE CHIIbI.

CMbIcn paboThl YUEHBIX 3aKITIOUANCS B TOM, YTOObI AETATLHO UCCICIOBAThL
MEXaHUKY B3aMMOICHCTBUS OTACbHOA mMoaekynibl AHK ¢ momexynoi aH3u-
Ma. B x01e 9KCriepuMCEHTOB UCCIENOBATENM YCTAHOBWILM, YTO 3H3UM TOMOM30-
Mmepasa [B paspesaer onny uens monexynsl JHK. Ilpu aToM ocBoGoXuaeTcs
TOPCHOHHDLIH MEXaHWYECKMI MOMEHT, ¥ MOJNEKY/la BpallaeTCsi B AKTMBHOM
LEHTPE SH3UMa [0 TeX Nop, II0Ka pa3OpBaHHas Lenb He COeIHHUTCH BHOBD.

C NOMOUIBI0 CBEPXTOYHBIX M3MEDHUTENBHLIX NPUOOPOB YYEHBIE CMOFIH
v3MepUTh KoahduureHT Tpeuus enn JHK, akTiBHBIA UEHTP 2H3MMa M
JApYTHE MexaHWYEeCKUe napaMeTpbl BpalleHusi. M KoHeyHO, OHH y3Hany,
CKOABbKO 06OPOTOB BOKPYT HCIOBPEXIEHHOMN LIENY ACnaeT MONAeKyna, Mpex-
[ie 4eM nepepe3aHHas Lernb COSAMHUTCA CHOBA.

DTU MCCneaoBaHUs MMO3BONAT pa3paloTaTk HOBBIE METONBl MCMOAbL30BA-
HUS DH3UMOB B KAYECTBE MOJIEKY/ISIPHBIX MAWWH U [IPUBEIEHUS B ABMNKE-
Hue HAHOcUCTeM Ha ocHoBse Mosekyn JJTHK, a Takxke mMoMoryr ydeHeM No-
HATb MOJIEKYJSIPHBIE MEXAHM3Mbl NEJICHHST KIETKH.

HaHoerenocunepn nokaxeTt cebs
Ha Tour de France'
B 3TOM roay yyactHuku senoronky Tour de France yBHasT NepBbifi BEAOCH-

nea ¢ pamMoil M3 KOMITO3UTA, coAepxallero HaHOTpyOkKH. Ha Hem BuicTynsT
yneHb! KoMaHobl Phonak Team. M3roToBieH Besocumea WBefLApCKOi KOM-

! Nanotechweb; Nanotube bike enters Tour de France.
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nayred BMC, kortopasi yrBepxnaeT, YTO CIIOPTHBHAS MallWHA [P Macce
MeHee 1 KT XapakTepU3yeTcst BLICOKOR MPOYHOCTBIO.

Pama Benocuriena BbI[IOJHEHA W3 KOMIIO3UTHOIO MaTepuajia Ha OCHOBE
HaHOTPYOOK, pa3paboTAHHOrO creunanMcTaMu M3 Komnadun Easton, xoto-
past COCTOUT B TECHOM COTPYAHMMECTBE C KOMMaHMeH Zyvex. CrneumanbHbid
KOMIO3MT (POPMMPYET M3 HAHOTPYOOK NPOCTPAHCTBEHHYIO CETKY-MaTpHILY,
Onarofapsi KOTOPOH JOCTHIaeTcs CTONb GoJibllas XECTKOCTh NPH HebOTb-
LWIOK Macce Marepuaia.

BxJian KOMNaHUKY Zyvex 3aK/IOMaeTca B TOM, 4TO OHa padpaborana co-
CTaB, MO3BOASIIOIMH MOAHDULIMPOBATD MOBEPXHOCThL YINEPOAHbLIX HAHOTPY-
00K Takum o6pa3oM, YTOOLI OHM NIETKO BXOAMAM B COCTAB KOMMO3UTA-Ha-
TTOJHUTENS, OOPA30BLIBAIOLIETO OCHOBY BEAOCHTIEAHON paMbl.

Komnanus BMC nepBoji coenana sejsiocunen ¢ HaHOPaMOH Ha OCHOBE
YrIepoAHbIX HaHOTPyOOK. Pama mocne npou3ssoncTea Tpebyer AanbHeRwed
06paboTku. Tak KaK 3T0 MOXET IMOBPEANTL BOJIOKHA HaHOTPYOOK, OHa ObLta
W3TOTOBJIEHA TIO TIPELUM3HOHHON TexHOJOrHM. Tlocne BhIMTycKa MepBoro Be-
nocunena KoMrianest BMC 3asBuna, uro ona cobupaercs BOpedb BKIaNbl-
BATh AEHBIM B HAHOTEXHONOFUM ¥ KOMIO3WMTHBIE MATEPHAIbI HA OCHOBE Ha-
HoTpyboK. Tak uTO, CKOpee BCETO, FOHOYHBIM BENOCUNEN OTKPOET HOBYIO
JIMHHIO NMPOOYKTOB, AOCTYTIHBIX W OOBMHEIM MOTPEOUTENAM.

rNABA 4

HNATHOCTUKA HAHOCTPYKTYP
N HAHOMATEPUAJI0OB

Hoeelie cynepnunssl — 6aza 6yayuiei
onToaNeKTpoHuxKn'

Ipymmna yuensx u3 KanndopHuiickoro yHusepcutera bepid cosganu cy-
TepANH3EL (pHC. 4.1), KOTOpLIE MOTYT [IPEOAONETh OTPAHMYMBAIOILMIL AUD-
PaKUHOHHBIA AMAIa3on MMKPOCKOMOB, paboTalolliux Ha OOBIYHON CBETOBOI
ontike. C NOMOUIBIO TOHKO#H cepeOpsHOii (GOJbIM U yIbTPaBUOIETOBOTO
CBETa UCCACAOBATENM CMOMH NOTYYMTL H30OPaKEHHS ¢ PaspELEHUEM OKO-
10 60 HM MaTpULBI HAHOMPOBOAHMKOB ¥ HAYEPTAMME C/IOBA «NANO», Ha-
HECEHHOE Ha OpraHUYeCKOoM nonumepe (puc. 4.2), B TO Bpems Kak AHDpPaK-
LMOHHBIHA Npefie)l paspelueHus 0ObIMHBIX ONITHYECKMX MUKPOCKOTIOB — 400 (M.

O cBOoeM OTKPBITHH YYEHbIE COOGLUMWIH B ANPENLCKOM BBLYCKE XYpPHANa
Science. braropapsi 3ToMy OTKDLITHIO MCCHENOBAHUS B OONACTH HAHOTEXHO-
JIOTUH M KOHCTPYMPOBAaHME HAHOMAUIUH CTAaHYT 60Aee JIETKUMH 1 yIOGHbI -
MU, & TJIaBHOE — JAELIEeBbIMM. Talkoke pa3BUTUE ITON TEXHOJIOTHMM MOXET IT0-

Al B

Prc. 4.1. MHKpocKonus ¢ NOMOLLI0 cepebpsHbIX cynepiuHa. BugHo pami-
4He B pa3pelticHnH, ¢ KOTOPHM ObUTH nonyyeHsl U306paxeHus (cie-
Ba — 60 HM, cripasa — 321 HmM). MacirmabHas MeTKa JUist 060ux n306-
PaXEHHH pazMepoM 2 MKM

f University of California — Berkeley: New superlens opens door to nanos-cale optical
imaging, high-density optoelectronics (http://www. berkeley.eduy).
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A

Puc. 4.2. Ha sepxticsm preyuke (A) snuro cioBo «NANO», a wiske (B) cynep-
31 66UIM yOparsl. Paspewienue nonyueHHoro u3o0paxeHust — 60 HM
(prc. A). Be3 Cynepimusbl paspeineHie cocTaphno 321 HM (puc. B).
MacirabHan MeTka A9 0GOMX H306paXeHUN PasMepoM 2 MKM

CnyxuTh 6azoi aia pacuupenns emxoctH DVD-auckos. Kax npeanonara-
IOT yueHble, Ha TakoM cBepXxbeMKoM DVD-nucke MoXHO OyneT XpaHuThb BCIO
Bubauoteky Konrpecca CIUIA, a 510 yvxe aelicTBuTenbHo paHTacTHYECKaAd
eMKOCTL Ana 12-canTHMeTpoBoro aucka. «Hawa paGora B nepsyo ouepeib
3aTPOHET 06aCTh Xpatenus AaHHbix Ha DVD-auckax. Ho kpome XpaHeHus
HHpOpMaLMH MOXHO OYAET HCITONb30BaTh NPUHLMI CYNEPAHH3 B OHONOMN-
YeCKOH MHKPOCKOMMH M MHCTPYMEHTaX Ui HAHOTEXHOMOTOBY, — KOMMEH-
TUPYET pe3yabTarel cBoel padorsl Keuanr XKaur, npodeccop yHUBEpcHTeTa
B bepxun.

Hukona ®anr, ooMH 13 Komier XKaHra, MpearoiaraeT, 4To CylepIMH3bI
NPHUTOISITCS B MIEPBYIO OUepeab AJIst ONTHYECKOH MUKPOCKOIMY B MENHLIMHE
1 6nonorui. C NMOMOILUBIO COBPEMEHHBIX ONTHYECKMX MKHKPOCKOIIOB yue-
HbIE MOTYT YBHAETh TOABKO TAKWE KPYITHBIE KOMIIOHEHTHl KIETKU, KaK MM-
ToxoHApHH M sapo. H. DaHr yTBepXIaeT, YTo C CyNepianH30BOH MHKpPO-
CKOMMeEH yueHble CMOTYT HaOMIOAaTh 32 ABHXEHHEM OE/IKOB BHOOJIb MUKpPO-
TpyOoK uurockenera. C MOMOIIBIO CKAHWUDPYIOLICH AMEKTPOHHON M ATOMHO-
CHJIOBOH MWKPOCKOIIHH CErONHSI MOXHO pasiisiners 00bEKThI pa3MepaMu B
HeCKOALKO aToMOB. HO Ang nosyvenus TaKUX H300paxKeHHi norpedyercd
MHOTO BpEMEHM, TAK KaK 3TH BHIbl MUKPOCKOMUKN OTPAHHYUSHEI MO MepeMe-
IECHMIM 30HIO0B, CKAHVPYIOWMX MOBCPXHOCTb. Takcke ¢ X NTOMOLUBIO HCJ1b34
M3YUYMTD XHMBO# 06pascll KIETKHM, NMOCcKo/bKY npenapatsy st CTM u ACM
HYXHO CMELMaibHO TIOATOTABIUBATD.

«'TaBHOE NMPEMMYLLIECTBO ONITUYECKOH MHKPOCKOMMH COCTOHUT B TOM, YTO
Mbl BUOHM HM300pa€HHe XHUBOro odpasla B peaibHOM BPEMEHH, — TOBOPWT
danr. — BoT noyemy ¢ NOMOLUBIO CYIIEPAHH3 MOXHO OyNeT UCCAed0RaTh ACHH-
CTBYIOWLHME OHOMOTMMECKME HAHOCHMCTEMBI W TNIBITATBLCSI KOHCTPYMPOBATE MX.
A GHONOTH CMOTYT Jiyvile pa3o0paThes B NPUPOIE Pa3iyKbix 3a00NeBatuii».

Hoevte cynepaunsp — 6aza 6ydyweli onmosnexmponyxu IJ

OTKpPHITHE CYNEPNHH3 MONOXMNO KOHELL JedaTamM PH3MKOB U MIDKEHEPOB
O TOM, KaK MOXHO 000HTH AU pPaKiOHHbIF 6apbep. OObMHbIE ONTHYECKUE
JAUH3b], CAENAHHbIE YETOBEKOM MK CYLLECTBYIOLIHE B NpMpoae (Kaluiy BOAbI,
FPO3payHble KPUCTAIIL! M T.11.), IEPEAAIOT U300PaKeHHE OT CBETOBLIX BOJH,
OTPRKAIOLIMXCS OT PACCMATPHBAEMOM ITOBEPXHOCTH.

TIpegenbHy0 paspelraiolLyo cnocoGHOCTL MMKPOCKONA YACcTO Ha3biBa-
10T DHGPAKUMOHHBIM TIPEAC/IOM, NOCKONBKY OHA ONpEeAesieTcsl SBAeHU-
MU IxpakUMy Ha BXOAHOM 3pauke. [TpaBaa, 10 OTKPHITHS CYNEPITMH3 YKE
YAaBaJIOCh C MOMOLLBIO Psifia OCTPOYMHbBIX YXHIUPEHH «3arISHYTb» HECKONb-
KO fanblle ITOTO Mpefesia; 3TO METOH, OCHOBAHHLIMH HA TIPUMCHEHWH VM-
MEpPCROHHDIX CUCTEM (B KOTOPOM TIPOCTPAHCTBO MEXKAY MPEAMETOM U 0GheK-
TUBOM 3aTIONHAECTCA CNEUHANTBHBIMH CPEAAMM) M MO3BONSIOIHI MOBBICHTE
pa3speluaiollylo CrocoGHOCTL puMepHo B [,5 paza; Metoa TeMHOro mojs,
OCHOBAHHBIA HA SIBICHWUM pacCesHWd CBETa HA MaJibiX YacTHUAX M TO3BO-
JSIOLIHA PCUCTPUPOBATL RANMYHME CBEPXMATBIX YACTHLL, KOT/IA HX pa3Me-
PBLI JIEXaT 33 [MPEACAOM paspeluaioeid cnocodHoCTH MUKPOCKOTA; METOA
(Ha30BOr0 KOHTPACTA, C NOMDILLID KOTOPOTO MOXHO HM3yuaTh NIOJHOCTLIO
[1po3payHble OOBLEKTLI.

[Tonb3ysicb COBPEMEHHBIM SI3LIKOM TEOPMU MH(DOPMAaLMKH, MOXHO CKa-
3aThb, YTO 34 IOTIBITKY MPOHUKHYTH 32 TUMPAKLIMOHHBII NPEeAEs TIPUXOAMTCH
NIaTUTh UEHOM NoTepd MHGOPMALIMK O HETAJSIX U3yyacMoro oobnexra. Jeii-
CTBHUTEbHO, METOALI CYOMUKDPOCKOIUU TTO3BONSIIOT CYAWTE NMILb O HATHYHNY
MHKPOOOBEKTOB B I0JI€ 3peHUsT MUKPOCKOTIA, HO HEe 00 ux (opMe W apyrux
JeTansx. )

BecbMa 3aMeTHBLA KRYECTBEHHBIN CKAUOK B METOAAX MUKPOCKOIMTHH BbLA
caenaH (GU3MKaMH, KOTOPBIE CTANW MCIOAb30BaTh MHGpaKpacHoe, YILTpa-
(PHONETOBOE W APYTHUE HE BUOMMBIE 4 [1a3a U3nydeHHs. [IpuMeHeHue 3THX
NINYYEHU 15 OCBELIEHHS OOBEKTOB HAOAIOACHHMS ObLIO CBA3aHO C MX CTIO-
CcOOHOCTBIO NOMAOLLATL, OTPAXKATD, MPOMYCKATh M NPEJIOMANTD MAAAIOLIEE HA
HMX MarydeHue. IToaromy, 5ooblue roBops, NpH HMCITONL30BAHMH W3AYUEHH i
PasiMuHpIX YYACTKOB CIIEKTpa 3TH 0OBEKTBl BLIT/IAAAT rio-pasriomy. Cneno-
BaTEAbHO, NMOAOUPAs COOTBETCTBYIOLIEE OCBELUEHHME, MOXHO MOJYYHTh HO-
BY10 MHDOPMALMIO O MPEIMETE, TAK KAK XapaKTEPUCTHKM MOIJIOLEHWS, OT-
paXeHMsI, MPOMYCKaHUsL M MPEJOMJICHMSl peaNbHbiX HEOPTAHMUECKUX M
OPTraHWYECKHX BELLECTB 3dBMCST OT AIMHBL BOJAHbI. Kopoye ropops, momy-
uuTh 100-1poLeHTHOE U306paxeHKe 6e3 110TePh UHPOPMALIMM HEBO3ZMOXHO
JaXE C TIPUMCHCHHCM «HCBHAMUMbBIX»> ﬂ)""lCﬁ.

Bcee nprGopsl, MCROAL3YIOLINE HE BHAMMBIC IJIA30M W3YYEHMs, COCTOAT
13 OCBETHUTENS (MCTOYHHKA OCBEIUCHHUS), ONITHYCCKUX AEMEHTOR (JIMH3, 3ep-
Kaj, [IPU3M M T.1.), NPUTOAHBIX AAsl pabOT B NAHHOM Y4YacTKE COeKTpa, W
ICMEHTOB, IPEOOPA3YIOLIMX «HEBUAMMOE M300paxXeHue» 8 BUIAMMOE. [1po-
PBIB B CHCTEMAX «HEBUAMMOWY MUKPOCKOMMH COCTOUT B TOM, YTO YYEHDLIC W3
Bepkin ¢MOTAW BBECTH B KOHCTPYKUMIO TAKUX MHKPOCKOOB HOBBLIHA 3je-
MEHT — CYNepAWH3Y 13 NieHKn cepebpa.
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B 2000 r. opuTanckumit ousuk IDxkoH [Tenapy caenan TeopeTHUECKOe nped-
TTONOXEHUE, YTO <«HEBUAMMBIE» JIYYH MOXHO 3aXBaTMTh M CHOKYCHMpOBaTh
MaTepuasoM € OTPHUATENbHBIM KO3(MMbUUMEHTOM mpenomienusi. Jlo Hero
30 ner Hazan Takoe Xe NPEeAroJokeHue caenan pycckuil ousnxk Buxrop
Becenaro. Onyako GH3WKM 00 CHUX MOP COMHEBANUCH B TOM, UTO TaKOH Ma-
TEPHaA MOXET BooOLWe cyuiecTBoBaTh. Kax M3BECTHO U3 OCHOB ONTHKH, KO-
3pGUUMEHT MPETOMIEHUS MOXET GbiTh TOABKO TNOJIOXWTENbHLIM. TeopHy
Becenaro v ITeHapy Ga3vpyioTcst Ha TOM, YTO 3/IEKTPOMAarHUTHbIE CBETOBBIE
BOJIHbI, NOMNaAas Ha MOBEPXHOCTH C OTPULIATEIBHBIM KOI(DPHLIHEHTOM Tipe-
JIOMAEHUA, BO30YXAAIOT KOJUIEKTHBHYIO TIOBEPXHOCTHYIO BONTHY, WM 2/EKT-
POHHbIe KoNeOaHHS, HA3LIBAEMBIE MOBEPXHOCTHBIMU TUTa3MOHaMHU. B pesyJib-
Tare ¥ [POUCXOIUT 3aXBaT U (POKYCHPOBKA «HEBUAMMBIX JTyuei». C Tex nop
MCCITCIOBATENM TIBITATHCH MONYYHTh IGDEKT OTPUUATEARHOIC KOIGOHLM-
€HTA NPEROMIICHMSI, UCNIONb3YSl Pa3MuHblE BHALI BOJIH.

B 2003 r. rpynna XKaHra 6bL1a 11¢pBO#, 0Ka3aBlUEH, 4TO «HEBUIHMbIE»
JIy4U MOXHO (POXYCHpOBaThL CYNEepAMH3IaMK 13 cepedpa. 3atem KoMmanaa XKaxra
YIIydiuuna TexHuky E/Y-MUKPOCKONWH A0 TOTO, YTO CEWYaC MOXHO BUAETH
obvexrn pasmepamu 60 um. Inuna sonun E/Y-cBeTa B yCTaHOBKE COCTABY-
na 365 um.

JlaBopaTopHasi YyCTAHOBKA KOHCTPYMPOBANAch CNEAYIOWHWM 00Opa3oM
(puc. 4.3). lupy¥Ha maTpuUbl HAHOCTPYH (MJIM, KAK MX €ULE HA3bIBAIOT,
HaHONPOBOAHUKOB) coctaBiuia 40 HM, a cnoBa «NANO» — okoio 60 HM.
B akcniepumeHTe 3Tu OOBEKTHI MOMECTWIH fiEpe CYREPJIMH30H, KOTOpas
npencrapisna coboit naeHky u3 cepebpa Tomumuolt 35 M. Tlocae cynep-
JMH3BI UCCIIEIOBATENIM PACMONOXUIK CAON Mnoarumepa-GoTope3ncTa, Ha Ko-
TOPOM MOXHO BbITpaBUTb M3006paxeHue, chopmupopanHoe UV-cpeTom.
[IpMMeuaTenlkHO TO, YTO 3Ta cylepnuH3a He AaeT |00-mpoueHTHOro Kaye-
cTBa u3obpaxeHus. Teneps MccaeporaTenu OyayT paGoraTb Hax TeM, 4TO-

O6bexTn - /

Puc. 4.3, [IpuHunn geHcTByA MUKPOCKONA HAa CYNEPAUH3AX

Kak «Mnozonoxckar 301€300 ¢ MUKpOCKon |@

©Obl MaKCHMAIBLHO MPUOAMIUTBCA K HICANbHOMY KayecTBy. «Mubl He Toy-
YUY MIEANKHOTO U30OPAKEHHN B HAILEM 3KCNEPUMEHTE, — roBopuT Danr.
— Ho oaHo sicHO: Halue M3oOpaxeHHe ropa3fno Nydlle ¥ TOYHEE TeX, KOTO-
PBIC MBI BUIMM B ONTHYECKHUX MHKPOCKONAX».

BTO TOTLKO HAMa10 JONTOTO MYTHU B pa3paboTKe CBEPXTOYHBIX OINTHYEC-
KMX MUKDPOCKONOB W DVD-IHMCKOB BRICOKOW NuoTHOCTH 3anmucd. Ho, xak
CKa3alH y4eHble, Urpa cTOUT ceey. Tem Gonee uto npodnema midpakumoH-
HOro mnpedeiia YHUBEepCaATbHA: MCIONb3YA TOT XE MPHUHIMI, MOXHO YITyY-
LTATL COBPEMEHHbBIE aCTPOHOMMYECKHE Npubopbl N0 NMoutH (daHTacTHUeC-
KOI TOUHOCTH.

OnTuyeckass MMKpOCKONUA AN
MaHUNynupoBaHna HaHOTpyOxamu'

Uccnenosatenu M3 KarudopHuiickoro yuusepcurtera (Puepcaita, CLIA)
MCIIONB30BAIM (PNYOPECUECHTHBIE KBAHTOBBIE TOMKM LIS TOrO, YTOOLI YBH-
JETh OLHOCAONHYI0O HAHOTPYOKY C AOMOILBIO ONTHYECKOH MHUKPOCKOIMUHM.
3TOT METOR MOXHO OyIeT NpuMEeHHUTb Mg obnerdyeHusi cBOPKH MHKpPO- W
HAHOCUCTEMHBIX YCTPOHCTB Ha OCHOBE HaHOTPYOOK.

«HMccnenoBaHusi, CBA3aHHple C MAHUIYJIMPOBAHHEM M MOCTPOCHHEM CH-
CTeM M3 HaHOTPYOOK, Tenepb 3HAYMTENbHO YIIPOCTIATCS, TaK Kax It BU3ya-
JTM3alKiy MOXHO DyAeT UCROAL30BATE OORIYHBIA ONTHYECKUI MUKPOCKON, —
ckasan Maiipu Oska. — [IpuMeHeHHE ONTMYECKOH MHKPOCKONUM 3HayM-
TeJIbHO YMEHBIIMT CTOUMOCTh MTPOBEACHUST UCCACAOBAHUNA, TAK KaK ceiryac
Wisi NOAOOHLIX LieJieil MCMOMB3YIOT aTOMHO-CHIOBYIO M CKaHHPYIOLLYIO 3JIEK-
TPOHHYIO MMKPOCKOIHIO».

B ocHOBe HOBOIO METOMA JEXMUT HAHECCHHE HA MOBEPXHOCTh HAHOTPYBOK
(GnyopeClEHTHPIX KBAaHTOBRIX TOYEK Ha OCHOBe HaHokpucrawios CdSe-ZnS.

HaneceHHbie HAHOKPUMCTLIL (DJIYOPECLIIPYIOT, YTO MOXHO JIETKO YBM-
OeTh B OOBIMHBINA onTAYECKWi MHUKpockon. O3ka ¥ ero KoMaHaa ILTaHHPYIOT
B DyAylIeM HCCAeROBATh MOJyYeHHbIE HAHOTPYOKM € NMOMOLIBI0 HRHOMAaHHM-
myJgTopa.

O cBoeit pabote uccieaosatenu fonoxunu B Nano Letters.

Kak «MHoroHoxxka» 3anesna B MMKpOCKON, UK
OnTuyeckass MMKpPOCKONUS B HaHOpeXume?

I'pynna nccenoBarenedl U3 pasHbiX YHUBEPCUTETOB BennkoGpUTaHMH 110-
AYYHIY FPAHT Ha 3 MAH JOJUI. JUIS TOFO, YTOOB! CO3MaTh ONTHUYECKUN MUK-
pOCKOIl, CIOco6Hb paboTtaTte co CTPYKTYpaMu pasMepom ao 13 uMm. Kak
M3BECTHO, MAKCHMAJIBPHOE paspelileHUe ONTHYECKHX MHKPOCKOIIOB CBS3a-
HO C JTWHOM BOJIHEI BUAUMOIO CBETA. DTO 3HAUUT, YTO OODBLEKTHI, MIMHA

! Hoeoctu HanoTexHonoruit. Kypraan HMCT. 2005. Ne 2.
' HoBocti HaHoTexHonorki. Kypuan HMCT. 2005. Ne 6.
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KOTOPBIX MeHble 200 HM, HEJb3S YBAAETH C MOMOLUBIO CBETOBOW MMUKPO-
ckormuy. TTo3TOMY 3asBiieHUe aHFIMUPCKUX YUEHBIX KAXETCA CBOero poaa
CeHcalMe.

Ha camoM fese yd4eHble MCHONBL3YIOT HOBYIO TEXHONOFMIO, KOTOpas
npeacrasasier coboit rudpua yctpoiictsa «MHoroHoxka» (puc. 4.4)
(Millipede), paspaGortauHoro wccneaosarelsiMu w3 IBM, u ckaHupyto-
nelt orntideckol Mukpockonuy dnuxHero nojug SNOM (scanning near-
field optical microscopy). [1o3ToMy HOBBI MHKpockor Ha3BaH Snomilipede
(SNON Millipede). Kax rosopnT npodeccop I'paxem Jleretr, HOBbIA MUK~
pockon 6ymeT YHHBEpPCAJIhHBIM MHCTPYMEHTOM KaK B MUKPOCHCTEMHOH
TEXHMKC M 3JMEKTPOHHKE, TaK W B MONSKYAApHOU GHonoTMU W (ulnke
TBepHoro Tena. Haia colzpanuem aToro ycTpoitCraa ceivac paboraior TpH
nucruTyra Bennkobpuranun: Uncreryr Tnasro, Muctutyr Manpvecrepa
u Uuctutyr Hotruurema.

OcHOBa MMKPOCKONA — HAbOp aTOMHO-CHJIOBBIX «HOXEK» YCTPOHCTBA
Millipede, xOTOpblE MPOBOAAT CKAHHPOBAHME MCCAEAYEMON NOBEPXHOCTH
(pnc. 4.5). Komanna IBM 30 cux nop He MOXCT OMpeAeNdThCA, 3allyCKaTh
Sl HOBOE YCTPOMCTBO XpaHeHHsi AaHHBIX (@ «MHOroHOXKa» 3a/lyMbIBa1aCh
UMEHI0 KAK MOJIEKYASIPHAA MAMSTL) B TTPOW3BOACTRO.

SNOM-TeXHOAOTHST YUUTHIBACT AETEKLMIO OTPAXEHHSI CBETa OT aTOM-
HO-CHJIOBLIX KaHTHeBepoB «MuoroHoxki». IIpu sTrom Henoansyiores co-
BPEMEHHDBIE BLIYMCATEAbHBIE TEXHOIOTWU LIS TTIOCTPOEHMS NOTOBOIO M300-
paxeuuns.

Panee HaumoHaibHbIA MHCTHTYT cTaHAapTOB 1 TexHostorvit CUIA (NIST)
NPO/ICMOHCTPUPOBAT ONTUYECKUH MUKPOCKOIT, OCHOBaHHbIH Ha SNOM-Tex-
Honoruyu, Torma npeaen paspeutetiva coctasnsn 40 HM. B ruOpuaHoM Xe
VCTPOUCTBE YUEHBIE CMOIYT YBHACTb CTPYKTYPbl pasMmepaMi 10 13 HMm.

Puc. 4.4, «MHOMOHOXKAa» Puc. 4.5. SNOM-mukpocKorms

Jaszepnas udenmupuranus mamepuaros |

JlazepHas wpeHtTudukauua matepuanos’

Henoporoe pelueHue 415 yaeHTHOUKaUWy BaKHBIX JOKYMEHTOB C [TOMO-
mbio Jjasepa Geuio paspaborano B Imperial College B Jlonnone. Meton
noayunn mazsanue «Lascr Surface Authentication» (LSA). Cuctema cka-
HUPYET NOBEPXHOCTL OyMaru, rulacTuka, MeTaina, KepaMMKHU B LEsux 06-
HapyXeHus «0TNeyaTKa» MaTepuana, no KOTOPOMY AOKYMEHT {(00BEKT)
MOXHO MACHTHGHUMPOBaATL. B pe3yibraTe 3arMChIBAETCSI OPHMIMHANLHBLIA
00pa3, OTNKUMTENILHBIA «OTHeUaToK». COBGCTBEHHO OTAEYATOK MOJyYaeT-
cs1 O1arofaps MUKPOCKOIIHIECKOMY «HECOBEPLUEHCTBY» TOBEPXHOCTU Ma-
TepHasia, 4 3TO HECOBEPLUEHCTBO yUuacTKa CKAaHUPYEMOH MOBEPXHOCTH Ha-
CTO/IBKO MaJjIo, YTO €ro MpakTHUCCKW HEBO3MOXHO BocnpoussecTH. Tak
BKpaTLe 06bACHIET cyTh HOBOM TexHomoruu Paccen KaybepH, npodec-
cop B obnactn HaHoTexwonoruit npu Imperial College B Jlonnoue. «Mpr
HEe LOJIKHBLI JaXe KaK-TO U3MEHSTh caMm HASHTUDHUMpyeMbIi (3auimugae-
MBIH) OBBEKT — OH YXE€ MMeeT CBOM YHUKaAbHbIC XAaPAKTEPUCTUKH Ha
CBOEH MOBEPXHOCTH.

JlazepHoe CKAHMPOBAHME MOXET OblAbL TIPUMEIMMO ISt TAKMX AOKYMEH -
TOB, KaK MacitopTa, KPSAUTHbIE KAPThL, [ D-KapThi, My3blKaabHblE win DVID-
ANCKH, OaHKHOTB: M [1p. Takoh moaxom oBGecrnednBacT BHICOKHH YPOBEHb
«BCTPOEHHOU» 3aLUMThbI, TPH ITOM OH QYeHb ACIICBLIN (MaTepHan Ob6LeKTa
HMKAK HE MOAMPUILMPYETCA) U NPOCTON — MPOLUE, YEM [IPH WCMOJNL3OBAHUK
TOJOTPaMM M T.0. .

B ocHose Merona nexunr onrnyeckui (PeHOMEH «JIa3ePHONO HATHa», KO-
TOPBIA BO3HUKAET MPH CKOJBXCHUH CHOKYCHPOBAHHOTQ AYyYa I10 NOBEPXHO-
CTY, Hanpumep, OYMard W pacceuBaeTCs onpeleeHHbiM 0Bpa3oM, KOTopbli
OMpENEAsIET NOBEPXHOCTE MaTepuaia, CneunanbHbll ckatep GUKCUpPYET OT-
PDAXEHHBIK Jyy.

Taxue naTHa, KaK M YEJTOBEYECKME OTTIEYATKY NAiBIEB, — NPaKTHUECKU
YHUKaNbHLL. KaybepH orMeuaeT, 4TO JaHHbIA MOAXOA MO3BOJAMT CHU3WTH
CAYYAM MOUIEHHMYECTBA B OONBWWHCTBE cep AHTSNIBHOCTH, NIOMOXET B
6opbbe C TeppOPU3IMOM.

Eciii Mcrnonb30BaTh J1a3epHOE CKAHUPOBAHME, CKaXeM, B MACTIOPTHOH
CUCTEME, TO BKpaTLE CXeMa NpPUMEHeHMs! TAKOBA: Mpexje YeM BbLAAThb
NOKYMEHT BJAALEJbUY, UOBEPXHOCTE €0 maTepuaia (6yab To OyMara Miu
TUIACTHK) BHAYAJE CKAHUpPyeTcs, CuMTaHHast WH(popMauus npeobpasyet-
Csl B KO/, HANPUMED CEPHMUHBIA HOMEDP 3TOTO JIOKYMEHTA, M COOTBETCTBEHHO
3aHOCUTCS B 6a3y JaHHBIX, MTOCJE UEFO VK& BBIAAETCS HA PYKU BIANEIBIY.
Cunraercsi, uTo HeOOMBIIOA YYacTOK KAXIAOrO MaTepHasa YHUKaJeH 1o
CBOE#H MHKPOCTPYKTYPE, BCAEACTBHE HETO NMOMIENATE JOKYMEHT BY/ACT Nnpak-
THYECKH HEBO3MOXHO, NIOTOMY UTO CAEJaTh TOYHYIO KOMUIO «KOJia» JOKY-
MEHTA HENbL3A.

' THE INQUIRER: Laser authentication system may foil ID thicves.
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Martematuyeckas Moaenb KBaHTOBbLIX TOYEK
OTKpLIBAeT X HOBblIe CBoMcTBA'

O KXBaHTOBbLIX TOYKAX CErOAHH 3HACT OOJALLUMHCTBO MOJOABIX YYEHKtX H
NPOCTO MHTEPECYIOLUMUXCA BHICOKHMW TEXHOMOTHAMH. DTU HAHOKpPUCTAN-
JIBI, COCTOALIME U3 HECKOABKUX COT ATOMOB, MOTYT NDHMEHSATbLCA B KBaH-
TOBBIX KOMIIBIOTEPAX U CHCTEMAX MEAWLIMHCKONA AMAarHOCTUKK B Ka4ecTBe
MapkepoB. ONTHYECKHE M JIEKTPUYECKUE CBOMCTBA 3THX HAHOCTPYKTYD
CH/IBLHO OTJIHYAIOTCS OT TAKOTO Xe& MaTepuana B MAKPOCKOMNMYECKOM Mac-
wrabe. Ho, xak 6b10 HeAaBHO YCTAHOBJIEHO ydeHbIMM M3 HauuoHans-
Ho# nadopatopun B Bepknu (CIIIA), rnaBHei1IMe 3MEKTPHYECKAE CBOH~
CTBa KBAHTOBLIX TOHEK NOHUMAJKUCH [IPEBPATHO B TEYEHUE LEAOr0 JECATH~
JETHA.

YyeHblE-TEOPETUKU U3 OTASAA dHepreTuxm HaumoHassHoM nabopato-
pHit B BEPKIM YCTAHOBHIIM, 4TO AMINEKTPHUECKAS (PYHKLMSA KBAHTOBBIX TO-
YeK, KOTOpasd IOKA3LIBAET, KAK M3MEHSETCs 3apsil HAHOCHCTEMBL OT Haiw-
Y1 BHELIHETO 3JIEKTPUUECKOrO M10151, HE 3aBUCUT OT INMPUHbBI 3aMPEuIe HHOTO
SHEPIeTHYECKOr0 CJIOST KBAHTOBOW TOYKM, XaK 3TO TIpeMIojaranu paHee.
HaoGopoT, AnanekTprueckans GyHIKMsa KBAHTOBBIX TOUEK, HAXOOALIMXCH B
HaHO- 1 MMKPOpasMEepHOM AWATIa30HE, NPAKTHUECKH aHalornyHa QyHKUWW
MAKPOCKOMMYECKMX MATEPHANIOB, Aaxe BOJIM3N NOBEPXHOCTH KBAHTOBOK TOY-
ku (puc. 4.6).

«ONHO M3 HHTEPECHBIX CBOMCTB KBAHTOBBIX TOYEK — TO, YTO 3HadeHUe
WHMPUHDB! MX 3aMpPeLleHHOTO IHEPTETHYECKOro CIOd HAMHOIO OOMblUE, YeM
TO Xe B MaKpOCKOMMYyeckoM MaTepraie. M rpu aTtoM ee CyMMapHast AH3JEK-
TPHYECKAsA MOCTOSTHHAS HAMHOro MeHbiue, [lostoMy JIOTHYHO ObL10 npei-

Puc. 4.6. TInoTtHOCTS 3apsiza »eky-
POHOB ((10KA3aHA 3e/IEHbIM) KBAHTO-
BOM TOYKH M3 apCceHMAa raLiys, co-
crosiueii M3 465 atoMon

' BERKELEY: A New Model of Quantum Dots: Rethinking the Electronics.

Mamemamuneckan modenv Keanmogelx movek u ux Hogbie cEolicmaa

MONIOKHUTh, YTO AUINEKTPHUYECKUE TOCTOAHHbDIE 3ABUCAT OT LWHMPHHBI 3ampe-
LISHHOrO IHEPreTHUECKOTO Ciios», — oObsicHAeT Jlun-BoHr BoHT U3 oThene-
HYS BLRMUCAMTENDHBIX uccaenosarmii nabopatopun v Bepriu.

OpnHako HelaBHO (paHLy3cKHE y4eHble U3 VIHCTHTYTa 3MEKTPOHUKH
Hopaa Bo rmase ¢ Kpucrodom Henepya nocTaBuld IO COMHEHHE 3TO
yTBEDAIEHHE, OBITYIOLUEE Y2KE HECKONLKO JICT B 00/1aCTH KBAHTOBLIX TOYEK.
OHHM Hayalu MpOBEPKY B3AMMOCBI3UW MEXAY AMIJEKTPUUYECKOH MOCTOAH-
HOM M LUMPHHOM 3aNpPEeLUeHHOTO HEPTeTHYECKOro ypoBHS ab initio (T.e.
3aHOBO, Ha4yMHas C OCHOB). [Ing pacueTOB YYEHbIC MCMONb3OBANYU CrEUH~-
ABHYIO NIPOrpaMMy pacueTa MeXxaHMUeCKMX 31eKTponHblx cucTeM PEtot,
HanmucaHuyo BouroM. 3areM yyeHble IIPOBENU BBIYMCACHMS HA CYTIEPKOM-
nbtoTepe Seaborg, pacrnofoXeHHOM B OTACJ]E BbIYHUCIEHHI 3HEPTETHKU na-
dopatopun bepxnu.

HIupuHa 3anpeweHHoro 3HepreTHYECKOrO CNOs TONYIMPOBOAHUKA —
3TO 3HEPTHst, HeobxoaMumas s TOTo, UTOOb MEPEMECTUTDL 3JEKTPOH, Ha-
XOOSAIUICS HA OOHOM W3 pazpelleHHpIX YPOBHEH, Ha MyCTOH pajpellien-
HBIA ypOBeHb ¢ Apyroi aHeprueit. LLlMprMBa NpOCTPaHCTBA MEXAY ITHMH
ABYMS Pa3spellleHHbIMM YPOBHAMM ONpeIeNfaeTcs IS KaXJOro atoMa OT-
OEAbHO MO 3aKOHAM KBAHTOBOM MCXaHWKM, W HEJb3H TOMECTHTD DIEKT-
POH TZe-TO MEXAY pa3peuleHHBIMU YypOBHSIMH. ITo3TOMY IpOCTPAaHCTBO
MEXHAY YPOBHSIMH Ha3bIBAETCA 3aNpelMEHHBIM 3IHEPTETHYCCKUM CHOEM.
Hanpumep, HoTOH, MOINOIIEHHDIM ATOMOM, MOXET BBITONKHYTh 3MEKT-
POH Ha ApYrof paspelueHHbIH YPOBEHb TONLKO B TOM Ciyyae, €C/TH Y Hero
AOCTATOYHO 3HEPTHH AJI1 NMPEONOJeHHUS 3HEPreTU4EeCKOro MoTeHUHana
aToro yposHs. ITpy 3TOM Ha 9RepreTUYECKOM YPOBHE, ‘TAe ObIT SMEKTPOH
paHblle, 06Pa3yeTCAd «AblpKa» IIPOTMBONOIOXHOrO 3apsana. M Hao6opor:
€CAM aTOM UCTycKaeT (OTOH, TO 3NEeKTPOH MepeMewlaeTcss Ha YpPOBeHb
BHH3, & (GOTOH UMEET BHEPTHIO, PABHYID 3HEPTETHYECKOMY JIOTEHUMANY,
Ha KOTOPBIH «OMYCTHICA» IEKTPOH. DTOT NPHHUMUI MCOb3YeTCAd B MO-
JNYNMpOBOAHUKOBLIX cBeToaMonax (puc. 4.7).

|

Puc. 4.7. M3aMeHeHHEe WHPHHBI 32aIPeUICHHOTO IHEPIETHYECKOrO CNOA NPHBO-
JIAT K BOSHMKHOBEHHIO KBAHTOBBIX TOYEK Pa3HOIO LIBeTa
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Kaxabii rmonynpoBOAHUK HMMEET CBOM XapaKTEPHUCTUKM IHEPreTHUEC-
Kux yposned. OIHAKO OHM pa3AYAIOTCs ANt MATepUala B MAKPOMACLITA-
fe 1 ANS KBAaHTOBBIX TOMEK, CAEJAHHBIX K3 TOTO Xe NOJYNpoBoAHUKA. YeMm
MEHBIII¢ KBAHTOBAs TOYKA, TEM <«LIMPE» PACCTOAHHE MEXIY SHepreTuyec-
KMMUW YpOBHSMHM. NS apceHmaa ralids, HanpuMep, TUMPHHA 345ipenieH-
Horo cnog — 1,52 3B, a y kBaHTOBOW TOUKM HA OCHOBE apceHwua Tauius,
cocToslein u3z 933 atomon, — 2,8 3B, y Tako# e KBAHTOBOJi TOUKH, CO-
crosilieit u3 465 atoMoB, — 3,2 3B. HMaMensin pazMep KBaHTOBOU TOUKH,
MOXHO M3MEHUTb WX LIBCT, NIPW 3TOM KBAHTOBbIC TOUKM COCTOSIT TOJBKO U3
TOTO Xe apceHwaa ranimg,

Hcrons3yst cynepkoMmeioTep Seaborg, yueHble YCTAHOBVUIM pacupeesie-
HHE 3JIEKTPOHHOH NIOTHOCTW KBAHTOBOK TOYKU B 3aBMCHMMOCTH OT €€ pa3-
Mepa U BHEWHHX BO3ASHCTBUM (HAMMUMS, HAIIpUMED, CiaBoTo ANEKTpOMAar-
HUTHOTO NOAS OT ENUHWYHOrO 3MeKTpoHa). [Lis pacyeToB MCNO/AbL30BaNACh
anrpoKCUMAaLKs JIOKATBHON MAOTHOCTH. PesysbraTol Mokasanu, YTO JaH-
HblE MOAEAMPOBAHKS XODOLLO COIMIACOBBIBAIOTCA C PE3yJbTaTaMy 3KCIepH-
MEHTOB, [10BTOPHO NPOBEAEHHbLIX YYEHBIMH.

Yuelble pacCUMTANHM TAKHM 0OPA30M KBAHTOBLIE TOUKK u3 465-aTOMHOIO
apceHnaa rautug (puc. 4.8) u 465-aToMHoro Kkpemuust. JarbHeue necne-
JOBAaHMS MOKA3aAM, YTO MPSAMOI B3aMMOCBI3N MEXIY AMDJIEKTPHUYECKOH
[TOCTOAHHOH KBAHTOBOH TOYKH M WHPHHOM 3anpelieHHoro ciosi Her. Ha
3TO TAKXKC YKA3bIBAET YNPOLLCHHAA MAaTEMATHUECKas! MOJIE/Ib KBAHTOROM TOU-
KM, COCTAaBJIEHHAs Yu4eHbiMH. «/IIs1 TOTO 4toOhl YCTAHOBUTH 3TO, HaM TIOHA-
NOOHINCH MHOTHE Yachl paboThl CYTICPKOMIIBIOTEPA, — rOBOPUT BoHr. — Mui
TAKKE COCTABMIN MPOCTYIO MOAEAL PACYETa JUIEKTPUUECKHX XApaKTepUC-
THK KBAHTOBOW TOYKH. Mbl YBEPEHLI, UTO 3Ta MOLEAb OYIET I0Je3Ha BeeM
WUCCACAOBATENAM, USYIAIOIUMM KBAHTOBLIE TOUKU W ITPOCKTUPYIOLIUM HAHO-
CHCTEMbl Ha WX OCHOBE»,

Puc. 4.8. 3encHbIM n300paXeHb! W3MEHEHHMS MEKTPOHHOM [UIOTHOCTH, BbI-
3BAHHOW MNPUCYTCTBHEM OHOrO 3EKTPOHA B MaKPOCKOIIMHECKOM
apccHMAe rannms (CICBa) M B KBAHTOBOW TOUKe, COCTOsILUEH M3 465
aToMoB (crnpaBa). Kax BuAMM, OTBETHaR PEAKUMS CHCTEM CXOXa

Komnanus HT-MAT evieesa va pomok nosvie DLC-ueavr | |l>>
=

Komnanua HT-MAT BbiBena Ha pbiHOK
HoBble DLC-urnnbt’

Henasro komnanma HT-MIT npeanoxuaa pLIHKY HOBBIE CYyNEpOCTPbIC al-
mazorionoBHble bl (Super sharp Diamond-Like Carbon tips — DLC). Ta-
KHME WAL ¢ THUITUYHBIM PAAMYCOM KPMBH3HLI | HM HeoOXOAMMBI sl T10AY-
qeHMs1 BBICOKOTO pajpelueHus Ha Oo0beKTax pPasMepoM B HECKOJBKO
HanomerpoB. Hobbeie DLC-urisl UMeT LIUTENBHOE BPCMS XH3HU 6Gnaro-
[Aapsi BLICOKOW M3HOCOCTOMKOCTH MaTepHana.

DLC-urbl MOryT ObiTh BblpalleHDLI Ha JIIOOOM 30HAE CTAHAAPTHOM Ce-
pun. Kaxaas KpeMHHEBas MINIa [10C/A€ MPOUECCa BbIPAliMBAHMS NPOBEPSET-
¢s1 Ha PBMe. 3ro nossonseTr otobpaTh 30HAbI
¢ DLC-wurnoii, LIMHa KOTOpOiI MPEBOCXOAMT
apyrve Ha 20 HM ¥ 6onee. MHbIMM ChosaMi,
OfHA M3 HIT MMeeT pabouylo UTMHY HE MEHee
yem 20 um (puc. 4.9).

J.B. Knunosbeim (Mucrutyt 6uoopranmyec-
kot xumuy PAH) 6nuta monyyena CTM-kap-
Turka JHK (puc. 4.10) va moanduumrposaH-
HoM rpadure (HOPG) c cyneppa3pelueHneM
DLC-urnamu Ha Momenu Solver BIO (NT-
MDT Co.). Pazmep IHK (2—2,5 HM) noutu
naeHTHueH peanbHoMy pasmepy AHK (~2 am)!
CTaHOapTHBIE 30HABI 00ECNeNHBAIOT BU3YalU-
Puc. 4.9. DLC-urna saumio JJHK pasmepom 10—15 um.

na
—
a3
_—

Puc. 4.10. JHK na moanduumposartHom rpabure (HOPG)

' NT-MDT.
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«HeBuaumoe caenartb BUOAVMbIM»'

Ha Bcemuproit seictaBke «EXPO-2005» 8 flnoHuM npeacrasneH coBMecT-
HBEIA NMPOEKT AreHTCTBA MO Hayke M UHHOBaUMAM M koMrmaHuH NT-MDT
1S anpens 2005 r. Poccuiickuii kocMonasT Cepreit Kpukanes foctasui Ha
MexXNyHapoAHY0 KOCMHUYECKYI0 CTaHLMI0 HeDGOAbIIOH TIpO3payuHblii KpHUC-
Talli ¢ 3arNagHHON BHYTPh KPEMHKEBOM IUIACTUHOM ¢ H30bpaxeHeM «MoHb!
JNu3zes. Pasmep 3Toro W3oBpaxkeHus 8x8 MKM, U CIelaHO OHO METOAOM Ha-
HONUTOrpaH 1 C NOMOULLIO 060pyaoBanns, pa3paboTaHHOro KoMnanued NT-
MDT (3onnosas Hanonabopatopuss NTEGRA, marepuan — oKich THTaHa
Ha KPEMHHEBOH IOMLIOXKE). YBUACTb 3T0 M306paxeHne MOXHO TONLKO C
NIOMOLUBIO CKARHMPYIOLIET0 30HAOBOTO MMKpockona. B takoM BHAe «MoHa
JTuza» NpeACTaBNAET COBMECTHBIA MPOEKT AreHTCTBA NO HayKe U WHHOBALIH-
aMm ¥ Komnaunr NT-MDT, nHa3zsawueilt «HeBHANMOe crenaTh BUAMMbIM» M
OCYLUECTBJIEHHBbIA XyROXHUKOM 'eopruem [IyzeHKoBbIM. [IpoekT rnocBsaueH
HAHOTEXHONOrUAM — camoil MepenoBoit cerogHs obmacth Hayku. Kocmo-
HaBThl COBUPAIOTCA BLIMYCTUTH MUHK-«MOHY JIM3Y» B OTKPBITBIE KOCMOC.

Cama xe xapTvHa «Single Mona Liza |:1» M3BeCTHOro XyaoXkHuKa-nocr-
MonepHmcta Feoprust Tly3eHKoOBa, MOCIYXUBINAS NPOOOPA3IOM MUKDPOW3O0-
DaKEeHMs], OTNpaBIeHa Ha MeXAyHapOAHYIO KOCMUYECKYIO CTAHLMIO C UTa-
JLSTHCKMM KOCMOHaBTOM Pobepro Butropu B 03ramenosanue S00-netus
M3BECTHOTO TBOPEHHS BEJIMKOro Macrtepa snoxyv Bospoxicwus Jleowapno
Ja BuHuy «MoHa JInza». TeopuecTBo xymoxHuka [eoprus [TyseHxoBa no-
CTPOEHO HA OCMBICIEHHU BEJIMKOTO KYJbTYPHOTQ HACNEAS TIPOLIUIOTO B CBA3H
C BO3MOXHOCTSMH, KOTOPble AAIOT HaM COBpPEMEHHbIC TEXHONOIHMU.

Kpome Toro, Ha Becemuphoit BeicTaBke «EXPO-2005», npoxomisweil ¢
MapTa no ceutadbps 2005 r. B Aty (AnoHus), B KOTOPOM Yy4yacTBOBaIM
tosiee 120 crpaH M¥pa, CHMBOJAMM POCCUICKOH 3KCHO3MLMH CTIM CKe-
JeT MaMOHTa, MYJISDK MaMOHTeHKa Jumbl 1 «MoHa Jluza» T'eoprust MyseH-
xosa. Kommanma NT-MDT, npencrapnsas PoccHioO Ha BeICTaBKe, € ycrie-
XOM IEMOHCTPHPOBAJIa CBOE O0OPYAOBAaHME, B TOM YHCIIE 30HIOBYIO HaHO-
nagoparopiio NTEGRA, u KoHeuHO, COBMecTHBIH npoekT ¢ [eopruem ITy-
3EHKOBhIM.

! HosocTi HadorexHosorwid. Xypuan HMCT. 2005, Ne 8.

FTIABA 5

HAHOBUNOTEXHOOT UK
N NMPUMEHEHVME HAHOTEXHONOIMMI
B MEAWNLINHE

XKuBoe HaHoOXepense'

MEXIMCUMIIMHAPHOES OTKPLITHE B 06/1ACTH HAHOGMOTEXHOMOTHM CHEJANU WUC-
crenosatenu U3 Yuupepcurera Kamgopanu (CLLIA). Komauaa dhusukor n 61o-
JIOrOB paspafoTaia HOBLIH METO, C MOMOLULIO KOTOPOYO MOXHO GYAET TIpOM3BO-
IWTb HAHOMATEPHAID! UIS padIv4HbIX o0nacTell npuMeHenus. JambHeiuiee
Pa3BUTHE JTOMO OTKPBITHS MOXET NOBNMSTL HA CIOCOGH NOCTABKU JIEKAPCTS,
3H3MMOB W IeHHOIO MATepyala K OPraHaM U OTAETLHEM KIeTKaM. OTKpbITHe
TaICKe MOXET CITYXHTh CCHOBOI GHOCEHCOPOB, NPOBOAIIMX HAHOCTPYH H OTITH-
UeCKMX HAHOpa3MEPHbIX MaTepuaaoB. O CBOEM MCCIEHOBAHMY YYEHBIE TOJIOXM-
/M B BblIycKe BeCTHHKA HaunoHambHOM akanemuu Hayk oT 16 Hosbps 2004 r.

OTkpbiTHe Tpos3ouLIo Gaaroaapst COTpyaHuyYecTBy yuyeHbx Linpyca Ca-
®uHbK, npodeccopa B obnacTH MaTepuanoBeneHus M puauxn, u Jecan
YuabcoHa, nipogeccopa GUOXUMHMY.

B cBoux skcnepumenTax wcciegoBaTent pabotanu ¢ MUKpPOTPYBKaMu M3
TKAHEW MO3ra KOPOBbI WL TOYO, UTOOB! NOHATb, KAKUE MEXAHU3MbI 3aCTABSIOT
¥X (hOPMMpOBATh PAITWIHBIE TPEXMEPHbIE 06pajoBaHms. MUKPOTPYGKH — no-
Jible LANUHAPBLI HAHOMETPORBLIX Pa3MEPOB, BXOAJIUME B COCTAB IMTOCKEIETA
KIETKH. B XUBOH KiieTKe MMKPOTPYOKM BBITIONHSIOT P MONE3HBIX (YHKLMI:
OT TPAHCIIOpTa BELECTB BHYTPU KIETKM O YYACTHA B €€ UCheHmd. B HeilpoHax
MHKPOTPYOKH OCYIUECTBAAIOT TPAHCTIOPT HeipoTpaHemurTepos. Heitporpavc-
MHTTEPhL — 3TO MOJIEKYIbI, KOTopbie NMGO BO30YXAAIOT, TMGO TOPMO3AT nepe-
Aavy HEpBHBIX WMMYALCOB IO HEPBHOW cucTeMe. MexaHuam cBOPKM MHUKpo-
TPYOOK B pazivyHbIC (OpMalMy BHYTDH KIETKU MOKA HEMOHSTCH.

B mpeacraBneHHOA MCCRENOBATC/IAAMHM CTaTbe BLIIO OMHCAHO OTKPHITHE
HOBOTrO MEXaHU3Ma CaMOOPTaHW3auMK MUKpPOTpY6OK. [Tonoxarrensro 3aps-
KEHHBIC JIUHEHHBIE MONEKYbL MUKDOTPYGOK (POPMUPOBAINM IUIOTHBIC IeK-
caroHanbrble [Pyl [1py 9TOM UCCIIENOBATENN 3apaHee 3HAAM, KAKHE CTPYK-
Typbl OyayT hopMHpoOBaTL MUKPOTPYOKHU. HO HeoxunanHo oKalanack, 9To B
NPHCYTCTBUK ABYXBAEHTHLIX KATHOHOB MUKPOTPYGOKU COBMpANMCE B CTPYK-
TYpy, HanOMHUHAXOLIYIO OXepease (puc. 5.1).

! Hobocty HaHoTexHonoruil. XypHan HMCT. 2005. Ne 2.
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Puc. 5.1. CxemaTvyeckoe n3obpakeHue camMocSOpKA MHUKPOTPYOOK HaHOMET-
pOBOTO pazMmepa

Caputbs ¥ YHIBCOH TOSICHHAN, YTO MOJYHCHHOE «KUBOE OXEpENbe» —
HOBBIIT 3KCMEPUMEHTAABHRI TUIT MeMOpaHLl, B KOTOPOH ITMHHBIE MUKPO-
TpYOKY OPUEHTHPOBAHLI B OIHOM HATPaBAEHWH U MOTYT NPOHUKHYThL uepe3
KJETOUHYI0 MeMOpaHy OObIKHOBEHHOWM XMBOTHOH KIETKH. YYeHbIC TAKXKE
OTMETUAH, YTO «OXEPCAbe» O4CHb JWHAMUUHO M3MEHsET cBolo (opMmy npw
NoBbieHUK TeMriepaTyphl. [TO3TOMY €r0 M Ha3BaIH XMBbLIM.

WccneqoBaTeny BUIAT BO3MOXHOCTH NPUMECHCHMS KAK Jisl FeKcaroHalb-
HOTO MyuyKa MHUKDOTPYOOK, TaK M 151 KMBOTO «OXepenba». Merannusnpys
IeKCaroHaabHble CTPYKTYPhl, HANPUMED, MOXHO NOTYYHTL MATEPHANb! ¢ U3-
MEHSIEMBIMM ONTHUYECKUMH MAPAMETPAMMU.

Bo/lee nHTEPECHOE NpPUMEHEHUE OXMIAET «OXepe/be», 3akIoueHbli B
ABYCAORHYIO JMITHAHYO MeMOpaHy Habop MUKPOTPYOOK MOXET HECTH BHYT-
pH NEKapCTBO. A TaX KaK MHKPOTPYOKM SIBAGIOTCA OAHMM U3 KOMIIOHEHTOB
KHBOW KJIETKH, TO NOCTABKa A€KAPCTB BHYTPb OTAENbHbIX KIIETOX OyaeT Han-
6onee OpicTpoOit.

Vyenbie CMOTJIM TIPOBECTH 3TO UCCienoBaHMue Bnarogaps HOBOW peHTre-
HOBCKOM TEXHOJIOTHH, COBMELICHHOM C 3NCKTPOHRO-NYYEBOH M ONTHYECKOH
MUKPOCKONHEN.

JHK-HaHonpoeoaoka 0ns Gyoyuield MuxposnexmpoHucy

15)

IIHK-Hanonposonoka gna Oyaywei
MMKPO3/IEKTPOHUKM'

HccenenoBareny us Yuusepcuteta [1spasio (CIUA) cymeny TIOKphITS Mose-
Kyry JHK MarHuTHbIMU HAHOY4CTMLIAMM M 3aTeM paspe3aly IONYYEHHYIO
«JHK-npoBonoky» Ha HECKONBKO uacTei. Kak yTBepXOAlOT MCCHeioBaTe-
JY, TMOMOGHbLIH TI0AXO0A MOXET INPHUBECTH K CO3ZAHMIO NELUEBBIX MEKTPOH-
HbIX YCTPOUCTB (B TOM YMUCJIE U KOMIBIOTEPOB), KOTOpbIE MOXHO OVIET no-
JIy4aTh METOAaMH caMOCOOpKH.

JeTannm OTKpuITHA ObLIM ONHKCAHB B (DEBPAILCKOM BBITYCKE XYPHATa
AMEPHMKAHCKOTO xuMHuueckoro obiecrsa. Monekyna JHK nmeer Gonbuioit
OTPULIATENBLHBI MOTEHLMA, YTO MOXHO KCIONL30BaTh B IpOLECCAX CaMo-
¢OOpPKM 18 NOCTPOEHKMS U3 HEE PasTMUHbIX CTPYKTYp. ECHH Monekyny Io-
MECTUTb B PACTBOP, COAEPXAWMI MAarHWTHBIE HAHOUACTULB! C TTONOXUTEAL-
HBIM 3apsAA0M, TO OHM ABTOMATHYECKH NPUCOEAMHATCS K TToBepxrocTu AHK.

Ha puc. 5.2a noka3ano HaHeceHue Ha Motexymy JHK MarHuTHLIX HaHO-
YaCTHL OKCHIA XeJie3a U BBIPABHMBAHME MOMYUSHHON META/UIN3MPOBAHHOMN
AHK ¢ nomollbio TeXHOJOIMH, Ha3biRAEMOH MONEKYNAPIIOi rpebenyarToit
dunbTpaureii. Ha puc. 5.26 npusenena dororpadms MeTaUTH3UPOBaHHON
mostexynbl JHK, nosyyenHas ¢ NOMOIULIO aTOMHO-CUJIOBOrO MHUKPOCKONA.
Pucyroxk npuHagnexur Purdue University, Weldon School of Biomedical
Engineering. :

«Panee nccnenopareny “merannnzmposanu” monexyisl JHK, noxpeisas
UX MEALIO, 3010TOM ¥ MnatHol. Ho nocie MofgobHON “MeTammm3anumn” um
He yIaBANOChH PA3pe3arh MNONYYEHHYIO “IpoBoNoKy” Ha MeHbliue ¢parmeH-
Thbl, MCMONB3YST PEPMEHT PECTPUK-~TA3Y», — TOBOPUT OAMH M3 MCClIEROBaTe-
neit, Moaed Kuncenna.

x
Ay Q0 Fo0,-
AHK % + MarHuTHole
§ Oo HaHOHACTULb
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22°C
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! pacreop
O“i\ 1) ®unorpauna |
O g —
o\ 2) Cywka
[HK, nokpuras Hucras SiU -
HaHO4ACTLAMY nOBEPXHOCTb

Puc. 5.2. HaneceHre na monckymy JJHK MarHWTHEX HAHOYACTHULL OKCUAA XKe-
nesa (a) U dotorpabus MeTayM3UpoBaHKoi Morekysr IHK (6)

! HoBocti nanorexHomoruit. XKypuan HMCT. 2005. Ne 6.
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Tak Kak MarHWTHbIE KOMIIOHEHTHI BKHB! B COBPEMEHHbIX TEXHONOTHSIX
KOMIMLIOTEPHOM MaMSTH, TO TO OTKPHITUE MO3BOJMT «MOJNEKY/ISIPHOM 3JIeK-
TpoHuke» U «IHK-anexTpoHiKe» BBRIHTH Ha MEPBEI 1aH B ycTpoiicTBax
XPaHEHMA JAHHBIX. A NPOLECC CaMOCOOPKH 3HAYMTENBHO YMEHBIIWT BpeMs,
3aTPaunNBacMOE Ha MPOMU3BOACTBO 3MEKTPOHHLIX YCTPOMCTB.

Panee Mccnenosaremu n3 yHuBepcuteta [13pabio pa3paboTami TexHoNo-
rvio, Onarogapst KOTopoit MoXHO pasmewiars uend JHK Ha nosepxHocTH
KpeMHHeBOro uvna. A patota no Meramausauuu JHK — cnemyrontuit war B
NOCTPOSHUM HAHO3IEKTPOHHBIX KPEMHHMEBBLIX YCTPOHCTB.

Hanouactnuel, koropoie npuMenun KuHcenna B csoeil paGote, npea-
CTaBsIoOT CODOH KepaMuuecKMil okcvA Xeneda. Jnamerp HaHouacTHI —
OKO0N0 4 HM.

IMocne o6paborky AHK nHaHoyacTHLIAMU HMCCNEMOBATENN pa3pesany nony-
YEeHHYIO <«IIPOBOIOKY» 3H3UMOM-pecTpukTasoif BamH. Ox paspesaer JJHK B
rocaenoBarenbHocTd Hykneotunos [TATLILL. Dro, kOHeYHO, pe3ynkTar, 1o-
JIYYeHHbIH ¢ NIPUMEHEHHEM TOJTLKO OfHOTO THIA 3H3UMA-PEeCTPHKTA3bl, Eciu
06pabaTbiBaTh HAHOIIPOBOJNIOKY BOMBUIMM YHCIIOM PECTPHUKTA3, TO MOXHO [O-
OUTLCA NOMYYEHHs MPOBOAAILUMX OTPE3KOB PaITUIHON MIHHLL.

CHauana ycclienoBaTe/id He ObLIM YBEPEHBI, UTO SH3UM-PECTPUKTA3a
[IpaBMJBHO BOCIIPUMET HAHOMPOBONOKY B nepByo odepedb kak JHK. Ho,
KaK OKa3aJioch, HAHOYACTHLbl HE TIOBAMSIH Ha IPOLECC PECTPUKLHH.

«[TonyyernHas uens JJHK Gbuia cnepBa pacTsHyTa Ha MOINOXKE M3 OK-
cuiaa KpeMHus. dnnHa 3toi “3arotoBku” cocraBumna 35 MKM, a LUMpUHA —
Bcero 2 HM, — TOBOPUT KuHce/wa. — 3ateM MBI MOKPBUTH €6 HAHOYACTALIA-
MH U pa3pe3any 3H3HMOM Ha 4acTy. 3TO OBLUIO TIOXOXE Ha OOBIUHbIH NPOU3-
BOBCTBEHHLIY TIPOLECC, KOTOPHIH MMEST MECTO B MUKPO3ACKTPOHHON 1po-
MBILUIEHHOCTH, TOABKO MbI Opany 3a ocHoBy Monexkyny JHKo».

B cBoux Oyaywmx paborax MCCIE4OBATENM HANCIOTCS M3YUUTh JIEKTPH-
YECKHE XapaKTEPUCTUKW TONYYEHHO! HaHOMPORONOKH.

MukpoopraHuambl CUHTE3UPYIOT NpoBoaaLLne
HaHOHUTH'

KomaHga mccnenosateneit W3 MaccauyceTckoro yHUBEpCUTETa B AMXEpCTe
OTKpbLIA 2JEKTPOIIPOBOASLIMME OPraHUMECKNE CTPYKTYPHI. JTO NOCTHXKEHMWE
TI03BOJMT paspadoTaTh METOMbl OYMCTKM CTOYHBIX BOX MUKPOOPraHH3Mamu
Y [ONYTHO BBIPAOATHIBATL DJIEKTPOIHEPIHIO.

Hcerenoparenn-MUKpoOHOAOrd OTKPEUIM HUTYATYIO CTPYKTYPY, Ha3BaH-
HYI0 MMM «MHUKpPOOHBIH HaHOMPOBOAHUK», KOTOPYID (POPMHDYIOT MUKDO-
opraHuaMel Geobacter. HaHONDOBOAHUKU MMEIOT MIAAKYIO CTPYKTYpY M
TONIIMHY BCero 3—5 HM. JIiMHa XE X MOXET COCTaBIATbH OKoNo 30—-50 MM
(puc. 5.3).

' Nanotech-Now: Researchers discover microbes produce minjature electrical wires.

Muxpoopeanusme cunmesupyrom nposodswgue wawonumu |

Puc. 5.3. Bakrepun copaupyior mpo-
BOIALLYIO HAHOCETH

«TakMe [JINHHBIE NPOBOAALINE GHONOTHYECKHE CTPYKTYPbl B OMOIOTH-
HECKMX CHCTEMaX paHee He BCTPEYAIMCb, — TOBODHUT OAMH M3 UCCNEROBaTE-
nei, noxrop JlaBnmu. — DTO OTKpLITHE 3aCTABASET HAC NepecMOTPETh TIPO-
LECChl TIEPEHOCA 3JIEKTPOHOB B MUKDPOOPTaHU3Max. MoxeT GbITh, HaHoO-
MPOBOAHUKN, CHOPMUPOBAHHBIE C NOMOLUBIO MHUKPOOPraHM3MOB, CTaHyT
OCHOBOWH MHOTMX CBEPXMANbIX MUKPO3JIEKTPOHHbIX YCTPOACTE».

«MUKpOMHUp BCe ele He NMEpecTaeT yAWBNATH HACH, — [COBODUT LAOKTOP
Apuctun Tlarpuno us [Jenapramenta anepretuku CIIA. 3ta opranvsauus
(PHHAHCHUDYET BCE MCCAENOBaHMS, NPOBOAMMBIE B OBIACTH MCMOMB30OBAHMA
Muxpoopraiusmos Geobacter 1A OYMCTKM CTOYHBIX BOA U NPOU3BOACTRE
2NeKTPOIHEPTiy.

«OTH YOUBHTE/IbHBIE GUONOTHYECKUE HAHOCTPYKTYPbl MOXHO 3aCTaBMTh
paboTaTh HA MoNb3y vyenosevecTy. TlpeacTaseTe ceBe MUHM-PEAKTOPBI, O4YM-
LIAIOIKME CTOYHLIE BOABI M TONYTHO BbIPAGATHIBAIOWIME DAEKTPOIHEPrHIO.
Mx Taxxe MOXHO HCMONB30BATH B POSH CEHCOPOB, OMpPEAENAIOILMUX, 3apaxKe-
Ha JI1 OKpYXawllas Cpea TeMM WM HHBIMHM OITaCHbIMW BEWIECTBAMMH», —
npoaofukrn Iarputo.

HoxTop JlaBny Guit nepBOOTKPEIBATEAECM Mukpoopranmama Geobacter B
1987 r. C Tex nop MpoOLLIO MHOTO BpeMeHH, copMHpoBaIach HAHOTEXHO-
JIOrysl KaK HayKa W TeUCHHE B TEXHONOrMU. CTald BO3MOXHbBI B3aUMOCBH3U
MEXNy KPEMHHMEBOH 3/1eKTPOHUKON U opraHuyeckoii. MMoatomy [IOKTOp yBe-
PeH, YTO HEAABHEE OTKPbITUE HAHOHWTEM, C(HOPMUPOBAHHBLIX GaKTepUsiMH,
1IO3BOJIMT CAENAaTh 3TY B3aUMOCBA3b CLUE [IPOYHEE.

Muxpoopranuam Geobacter HecnyuaitHo BeIGpany Ha ponb KUBO# Ba-
TAPEHKH. DTO OAMH M3 HEMHOTHX THIOB GakTepuit, KOTOPLIE MOrYT pas-
J1araTh MPOLYKTHI XH3HEAEATENBHOCTH UenoBeKa, NepepabaTbiBaTh TOK-
CHYHBIE METajibl U HedTh, BeIpaGarTeiBas aJexTpuuecTso. QgHaka ans
TOro YToGb! MepeaaBaTh SNEKTPOSHEPIiI0, GaKTEPHUU HEOBXOMUMBI 3IEKT-
POnbL, CBA3BIBAIOILME ODUOXMMMIO KNIETKM € BHELIHWM MOTpedUTeIEM BiIeK-
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Tpo3HEprMy. [ng 31010, Kak ycTaHOBWAM paHee JlaBaud U ero Komnnerd,
GakTepus NMPOU3BOAMT C OJLHO# CTOPOHbI MeMOpaHBI TOHKWE HAHOMPO-
BOLHHMKMW, HA3BAHHbBIC TIHAMAMHU. DTO OTKPHITHE ObI0 NOATBEPXAEHO APY-
rO¥ rpynnoit yueysix so rnase ¢ MUXpobuonorom emma Pyrepa u thnsn-
koM MapkoM TyoMyHOM: OHU TIPOMU3BENM KOHTAKTHBIE HCCIELOBAHHA
MUAKA € TIOMOLBIO aTOMHO-CUIOBOrO MHUKPOCKOINA W YCTRHOBMAM, UTO
GAKTEPHU [POBOAYT INEKTPOIHEPIUIO. Bonee TOTO, FEHETUUYECKH H3IMe-
HEHHbI¢ MUKpoopraHuiMbl (Geobacter, KOTOpele He MOTYT NPOM3BOAUTH
MUAHAKU, HE CMOTIN COOTBETCTBEHHO MPOBOAMTHL JICKTPOIHEPTUK U OUM-
LUIATbH CTOYHLIC BOIbI.

«Pe3ynbTaThl 3TMX WCCHENOBAHWA TOKA3aAYu, YTO MPOM3BOJCTBO 3JIEKT-
POIHEPIMHK W nepepaboTka OTX0n08 DaKTepHsIMU TECHO CBA3AHbI MEXIY CO-
6oil», — ropopuT AoKTOp JlaBnu.

[MpoBoasiume OUAUK K €CTb TE «HaHOTNPOBOAHMKU», KOTOPbIE yueHble
FIIAHUPYIOT ACMONBL30BATH B HAHONEKTPOHMUKE. st TOFO UToGLl BakTepHH
CMOTJH BbUIYCKATh OJUHHYIO HAHOMPOBOAOXY, JIaBaM NpesnaraeT Mcuoib-
30BaTh TEHHYIO MUHKEHEPUIO.

Hpyroi vHTepecHblit hakT, OTKPBITLIF YUESHBIMH, — mepeJaya 3ieKT-
PO3HEPTruK OT OaKTepHU K OAKTEPUM vepe3 CeTh, CHOPMHPOBAHHYIO MH-
AUAMMA.

O cBOMX OTKDHITHAX AOKTOP JIaBIM W €ro KOJNErd cooGlmnu B Xyp-

wane Nature B ¢trarbe «Extracellular Electron Transfer Via Microbial

Nanowires»,

HaHO3neKTpOHHbIN Npudop Ha OCHOBe OAHOM
opraHuyeckoin monekynbl’

B ApM30HCKOM rOCYQapCTBEHHOM YHUBEPCHTETE CO3AANM 3EKTPOHHbII TIPH-
6op, COCTOSAMI M3 eMHCTBEHHOW OpraHM4ecKoil MONeKynhi, coobLuaer
Science Daily. Mo Mueuwo HccachoBaresneit, UX pe3ynbTaT yKassIBaeT HA

BO3MOXHOCThL NPHBAcYeHUST OMOPUIUYCCKMX UCCNECAOBAHHUIL K rIpobaemam
HAHODJEKTPOHHUKH,

ANHANHOBBIE TENTO-ONIUIOMEPH! TPMHAINEXKAT KaK Pa3 K TaKWM COCAN-
HEHUSIM, KOTOPbIC MOTYT MPOBOAWTD IACKTPHUYECTBO W pabOTaThb KaK JJMeKT-
potiHble KoUK, OgHAKO A0 CUX [10P 3TO He Obilo FIPOBEPEHO IKCIIEPUMEH-

TANBbHO.

Llenouxka M3 cemMu atMNMHOBBLIX (bparMeHTOB {pHc. 5.4) BemeT ceba Kak
pe3UCTOP € OTPUUATENLHLIM MM MEPEHUMATRHBIM COTIPOTURIIEHUMEM, T.€. B
HEKOTOPOM JMAaNa3oHe AN PSXKEHUN YMEHbLUEHMIO CHIThl TOKA OTREUAET POCT
PA3HOCTU TIOTEHLMANTOB. TaKnM CROWCTBOM 00AALAIOT HEKOTOPLIC (TOJIYTIPO-
BOJHMKOBBIE AMOIbI, YNOTPEONACMbIE B «MAaKPOCKOJITMHECKHX» NIPHOOpax ¢

cepeanebl 1960-X ronos.

' HosocTr HadoTexHonoryit. 2Xypwan HMCT. 2005. Ne 6.

Xnamudomonada e xauecmee «2py308uxas

Puc. 5.4. Monexyna anu-
1uHa

Broduank Crioapr JIunaceit Bocnons30BAICS W3BECTHOM crocodHoc-
TbIO MHOTHX ApOMaTUYECKMX COEAMHEHUIT K NepeHocy sapsaa. [TocTasren-
HbLA MM SKCMEPMMEHT BKIIOHAN M3MEPEHHME SMCKTPONPOBOLHOCTH pacTso-
pa, CONEPXAILEro MCCIEAYEMOE BELIECTBO, W KOCBEHHYIO OUEHKY COBCT-
BEHHOIG CONMPOTUBACHUA MOJICKYIbl. O pe3yNhTaTax cBoeit paBoThl HCCIEH0-
Bate;M qonoxuan 18 despans 2005 r. Ha BalmHIToHCcKo# ceceny «Broso-
FUYECKNE MATepUAasbl H HAHOCUCTEMbI». JIMHACEH, cYmTaeT, 4TO OCylecTts-
JIEHHAA MM W COABTOpAaMM paboTa — YNA4YHbIA MPUMEP MOIEKYAAPHOrO
IM3aiHa, KOTIa CUHTE3MPYEMas BNEPBbIE MONEKYNIA O0NAfaeT 3apaKCee Mpes-
CKa3aHHhIMU (BPUIHYECKAMY XapaKTEPHCTHKAME.

XnamuoomoHana B KauecTEe «rpy3oBmKa»'

AMepurKarckue yyednie n3 Fappapaa «3anpsriu» seneHsle BOJAOPOCAU U 3a-
CTABMIM MX NIEPEHOCHTL «IMONE3HBbIA TPy3» BBEPX M BHU3I 110 KPOLLEUH bIM
MHKpOKaHanaM. JayeM 370 HyxHo? Kak rosopsaT yueHsle, B OymyILEM KIeT-
KM BOAOpOC/IEH W APYTHE MMKPOOPraHM3Mbl BYTYT O6YYCHb TAKUM obpa3om,
NTOOLI BBIMONHATL MPOCTEL Y10 MEXaHHUECKYIO PAGOTY MO NepeMelleHnio
MHMKDO- U HAHOKOHTEHHEPOB,

B cBoux KCriEpMMEHTAX HCCAEAOBATENM UCTIONLIOBANM OAHOKIETOY-
Hbie 3enednte Boaopocau Chlamydomonas reinhardtii £aMH0fi okomo
10 MM, JInst repenBwxeHMs oHu TPUMEHANOT NAapy XTYTHKOB W JIIBIBYT
nonobHeIM Bpaccy cTuaeM. MonexyaapHuii MOTOD 3T0H BOXOPOCIH AOC-
TaTOYHO U3YYEH AT TOrO, YTOOLI 3HATh, KAK OH YCTPOSH, HO HEIOCTATOY-
HO [Urt TOTO, YTODBI CO34aTb €70 MCKYCCTBEHHBIH aHanor, IToaToMy yue-
HbIC PEUIMAN HUCIONL3OBATL TBOPEHUS MPUPOABI, a He AeNaTh MCKyC-
CTBEHHDLIH HaHOMOTOP.

' BBC: Cells made to haul tiny cargoes.
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Puc. 5.5. XnamyuaoMoHala «Be3em
BycnHy nosucrdapona

[locpencTBOM XMMMUYECKON CBA3M YYEHLIC JaftH BOLLOpOC.IlSIM rpy3 — «0y-
CHHKMW»> TIOMVCTUPONE, @ 3aTEM, MCMOJIb3yA CBET PaznuyHOM WHTEHCHMBHOC-
TH, 3aCTABHIM JGIETKM MEPEMEILATLCS MO MUKPOKaHalaM TECTOBBIX Kamep
(puc. 5.5). JIIOGOMBITHO, UTO TPY3 HUKAK HE NOBINAI HA CKOPOCTDb JBVDKE-
Hua KieToK. UTo6bl PA3rpy3uTh BOAOPOCIM, MCCAENOBATENU NIOABEPTAIN HX
YABTPadHUORETOBOMY UATYYEHHIO. KomaHaa wccienoparesied Aaxe NpHAY-
Maza HOBbIfi TEpMMH, 0O03HAYAOWMA «TPY30BOI» MUKPOOPraHH3M!
microoxen, T.€. MUKPOObIK.

«MBbl B OCHOBHOM Yxe pa3paloTamy CHCTEMY NEPEMELLERHA 0OBEKTOB
MUKpOOpTAHKH3MaM¥, — COOBLINI AOKIOp Hyrnac Beibenb. — Terieps Mbl
MCIOMB3YEM WX IBUTATENM JUiSl BBINOJHEHWSA HETPALUUMOBHBIX 3a,ui1q». Ito
CROBAaM YYEHOrO, TEXHOIOMMS HAMAET MpHMEHEHYE B MOJIEKYIIHPHON hfi.euu-
Luue. HanpuMep, Tpy3 BOAOPOCM TIPEACTABMSIET cOGOl HaMOKOHTERHED,
GYBCTBHTE/IbHBIA K OTPENE/CHHBIM 6€1KOBbIM MapKepaMm PAKOBbBIX ]UJETOK,
Wiy ToKcnHaM. M 3ateM KJIETKH MOMEUAIOT B KOHTEHHEP ¢ TECTOBOM TKa-
ubio. TMocne MyTeLIecTBHA XTAMMAOMONAA B TKAHY yUEHDBIE Y3HAIOT, COLCP-
XaTcsl M T WIM MHble TOKCMHBI B 00pasie Mo MX rpy30Bb(M OTCEKAM.

XuMnKm coapanm «kpadosble KNewHwu»,
3axBaTbIBalOLWNE aTOMbl MbilLbAKA®

XuMuK 13 OperoHCKOro yHUBEPCUTETA CO3INANW MOAEKYJIAPHLIC «KIell-
HU», KOTODbIE 3aXBATLIBAIOT OTACHBHEIE aTOMbI MbILIbAKA. O cBoeM OTKpbi-
THUU UCCAEIOBATENY COODILNAIH B HOAOPLCKOM BbIDYCKE XypHana Angewandte
Chemie International Edition 2004 r. )
HappeH JOKOHCOH, CreLUaimcT B 061aCTH CYNPaMONEKYIAPHOW XUMHH,
¥ ero KOANErHn pa3paboTand MOJIEKyny, CNOCOBHYIO 3aXBaTblBaTh W CBSI3bLI-

| HosocTy HaHoTexHonorkit. JKypran HMCT. 2005. Ne 2,

Xumuiku co30anu <Kpapogole KACWHW», 3OXEAMbIBUIOUUE amombl moiubaxa | @

BaTh aTOMBI MbIIbAKA. DTHU MOAEKY/Ibl HA3KIBAIOTCS XeJaTopaMu (XenaTop ¢
IPeyYecKoro — «kpaboBble KIeLWHM»). Mojekyna xelatopa UMEET Crelldatb-
HYIO CTPYKTYDPY, HAMOMMWHAIUYIO KI€WHM Kpaba. bnaronaps takoil ocoboit
KOHMHIypaUHK M CTPYKType MPHCOCAMHUTEAbHBIX MECT Ha flOBEPXHOCTH
MOJIEKYJlbl HECKOJNBKO MOJIEKY/ CITOCOOHb! 3aXBaThIBaTb U YAEPXWBATL K-
TENBHOE BPEMST aTOM META/MNa. Tpu MOmeKynbl, ColepKallhe B KauecTBe OC-
HOBHOTO /IEMCHTA CEPY, CBA3LIBAOTCH C aTOMaMM MbILIbAKa, 0Opasys nu-
paMMAANbHYIO CTPYKTYpY. PaHee MBI nucanu 0 rulaHMpyeMBIX MONEKYASPHBIX
peLEnTopax, KOTOpble MOIYT 3aXBaTbIBaThb OTIE/NbHbIE MOJNEKydbl. PafoTa
I>koHCOHA M ero KoJer Kak Heab3s Jyylle BIIMCHIBACTCS B pasBHUTHE Gyny-
IUMX HAHOPELENTOPOB.

«Ecnu ycomepiueHcTBOBATb pa3paboOTaHHBIN HAMKU METOA, TO OH TIPWTO-
BUTES it OOHADYKEHMSl U YOANEHMS TOKCMYHLIX MeTaNIOB M3 OpraHu3ma
YeJI0BeKa WK OKpYXawllueh cpeabl», — ckazan JIKOHCOH.

INoxa yTo uccreaoBaTERU NPOAEMOHCTPUPOBANHU, KAK XEAATOPbl CBS3bl-
BaOT aTOMbl MbILIbSAKA B 1abopaTtopHbIx yenoBuax. s Toro 4toGbl Henonb-
30BaThb XEJATOPbl B KAMHHUYECKOW NpaKTUKe, Heobxoammo paspaboTath 3¢-
dexTHBHBIN ¥ HAOEXKHBIH METOA X NOCASAYIOWETO BLIBEASHMST U3 OpraHM3Ma.

«CeHqac Mpl cTapaeMcsl 1OKa3aTh, YTO HAlIM “KpaboBele NOBYLUKK” Tep-
BEIMM HEATPanu3yloT MBILILSK, OTMepexas oTpaBieHUe YeA0BCUEeCKOro opra-
HU3Ma 3THM METAIOM», — FOBOPUT [XXKOHCOH.,

MaremaTHYeCKOE MOAEIMPOBAHHE XEJIATOPOB BBIABUIO HEKOTOPbIE OCO-
DEHHOCTH KOMIUICKCA, COoAepXalllero MellbsikK. KMccaenopatenv KCrons3o-
BIM MATEMaTU4ECKHUE METOAbI ab initio m1s Toro, 4Tobbl MOCTPOUTEL OMTH-
MJIbHYIO MOAETb XeiaTopa.

«Ceifuac MBI paGoTtaem Haa pa3paboTKOH 60jsee CTaOUIBHBIX CUCTEM TI0
3aXBaTy aTOMOB MbILbAKA. BOABUIMHCTBO HAUIMX PACUETOB Mbl BEAECM C MO-
MOLULKD MATEMAaTHMYECKOTO MONCAMPOBAHHS, YTO 3HAUMTEILHO COKpAllLaeT
BpeMSI, HEODXOAMMOE IS HAXONICHHWS TPaBUJIBHOTO PELICHUS», — KOM-
MeHTHDPYET paboTy ydeHBIX JIPKOHCOH. A

Tlpouece camocGOpKM NPEANONAraeT COEHHMHEHNE HECKONLKHX MOJIEKYN
B DONbLIYIO CTPYKTYPY Onaronaps reOMETPUYECKHM Wi HUIMKO-XUMHKUEC-
KHMM OCODEHHOCTAM COOMPAIOILLMXCA MONEKYR. B pe3yibTaTe 3TOr0 npouecca
AO/DKHMO MONYUNTHESl COelMHeHN e ropasfio 6osice CTabMJIBHOE, YeM WCXOA-
HbIE «CTPOMTEJIbHBIE O/IOKH».

B 0CHOBE TIOCTPOEHUSt MOAE/IM MONEKYBI XENATOPA Y FOTOBOTO KOMIUIEK-
ca, coaepxalUero aTOMLI MLILULAKA, JexXany ABa (dbyHAaMCHTATBHLIX MCTONA!
MArHUTOPE3OHAHCHAA CNEKTPOCKONMA M peHTreHorpadms. s onpeaesenus
CTPYKTYPbl KOMIUIEKCA B NIEPBOM MPUOAVDKEHUH HCNONBL30OBAIM MAarHUTOPE30-
HaHcHoe otobpaxeHue (MRI), KOTOpoe yacTo NpUMeHsieTesl B MEAUUMHCKOT
OUATHOCTHKE. A /1151 UCCIENOBaHMSI aTOMAPHOM CTPYKTYPhl KOMILIEKCOB IIPH-
1LUI0Ch BOCTIOIb30BATHCS TEXHUKOH PEHTIEHOCTPYKTYPHOIO aHAMMU3A.

3rta nepsuyHas asza paboTbl HcchaenoBarTeneit GUHAHCHPOBANIACE PaH-
ToM OpEeroHCKOr0 YHHMBEPCUTETA.
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HaHoycTpoiicTBa NOBAT BUPYCHI’

3a BMpycaMu oxoTarcsi gaHo. [aponba Kpsiirxen u ero xostern u3 Kop-
HEJIICKOrO YHUBEPCUTETA MOCTPOMIIM B 3TOM FORY MMKDOCKOIMYECKUI KaH-
TH/EBED AJISL TOTO, YTOObL B3BECUTh OTAEIbHBIN BHpYC. B 31OM Mecsiiie Yapnna
Jnbep v ero xoManga 13 [apBapACKOro yHuBepcuTeTa cOo3aany GHOUUT,
KOTODbIH OIpeaeaseT [pUCyTCTBUE Bupyca rpunma. Hosbllt 6Mounn MoxHO
MCIIO/Ib30BATh KaK B IPAKAAHCKUX Liessix (MCMOMB30BAHME B MEAMLIMHE), TaK
M B BOEHHBIX {[IPH BbISIBNIEHUU CNENOB DAKTEPHUONOTIIECKOIO OpyXH).

Kpoaiirxen nmoiwen no «MexaHHUECKOMY ITyTH»: €0 KOMaHIa IOCTPOMIa
HAHO3/IEKTPOMEXaHMYECKOE YCTPOHCTBO — KAHTHIEREP, KOTOPBIH MOXET B3Be-
LHRATL 0OBEKTHl Maccoi okoo 10—~18 rpamM. Becki coctoaT w3 BUOpHUpYylo-
LLETO KPEMHHEBOTO KAHTUJEBEPa [UIMHOM OKONo 4 MKM H WWUKMPHHO# 500 HM
(prc. 5.6). Kak TobKO YacTHLA ¢ MajlOfi MAcCOM nomnataeT Ha KaHTUIEBEp
(OH-TO M NIPEACTaBIACT COOOM yaury BECOR), 3TO M3MEHAET JACTOTY ero Ko-
aebannid. MiamMeHeHHss BMOpauiy M3MEpPFIOTCH JydyoOM Jla3epa, KOTOphii Ha-
rnpasieH Ha KaHTuaesep. M3MeprB BuOpauMio «dallld BECOB» C «IPY30M»,
WCCAEN0BATEAM MOTYT YCTAHOBUTB €ro maccy.

Puc. 5.6. KpeMHUEBbIE «BECHI» —
H2MC-kaHTHaesep

st Toro 4ToObl Ha KAHTWIEBED NMONANany TOMBKO BUpychl, Kpairxen
[TOKPBLL €I0 CN0eM aHTHTEN, YYBCTBMTEALHbLIX K ONPEAEJIEHHOMY BUITY BUDY-
coB. M koraa «BeCbl» NOMECTWIM B XMIAKOCTb, COAEPXALIYIO Pa3IMUHbIC
BHPYChI, TO OMH M3 HUX DPUINT K KaHTHIesepy. Tak MccleaoBaTeny cMor-
/M [10AMaTh BUPYC U B3pecuTh ero (Appl. Phys. Lett. 83 2604). «YyBcTBH-
TeapHoCTE HOMC moctaTouHo BbIcoKad, — ckazan Kps#irxen, — MOXHO B3Be-
CHUTb OueHb ObICTPO AaXe OAMH BHUPYC».

Ho 1o Geuto B Hauane 2004 r. B xoHue centsibpa 2004 r. Jlnbep u ero
KOMAaH/J]a HA OCHOBE MaTPMLIbl NOJIEBBIX TPAH3IUCTOPOB, COCTOSILIMX M3 HAHO-
CTPYH, CKOHCTPYUPOBAIN JETEKTOP BHPYCOB, MOKDbLIB MOBEPXHOCTL TPAHIM-
cropo aHrutenamu (Proc. Nat. Acad. Sci. 101 14017). Kouerpykuus 6uo-
YMMa TAKOBA, YTO BUPYCHl MOTYT TIOTMACTh K AETEKTOPHOMY GJIOKY uepe3 CeTh
MHUKPOXUAKOCTHBIX KAHANOB. MHUKPOXHUAKOCTHBIE KaHAbl fanblie pa3BeTB-
JIAKOTCH M PAcTIONOXEeHBl TAKHM 00pa3oM, UTO flepeceKaoTcsl ¢ HaHOTPaH3U-
cropamu (puc. 5.7).

' Hopocti nHanotexnonordi. KypHan HMCT. 2005. Ne 2,

Hanoycempoiicmea noeam eupycor |

Puc. 5.7. CTpyKTypa MAaTpHLBI

NoNeBbIX TPAH3KMCTOPOB Ha Ha-
| HOCTPYHax:

A — reomepus pacroNoXeHHs Ha-

HOTPaH3UCTOPOBE;

B — yyacTok HaHOTPAH3UCTOPOB

(Ha A BBIAEJIEH KPacHBIM MPAMO-

YTONbHUKOM);

C — cTpyKTYpa OTHENbHOM HaHO-

CTPYHBI-TPAHIUCTOPA

HaHnocTpyHbt TOKPBITBI CMIELHAIBHBIMH aHTUTEIAMM, KOTOPbIE COEIM-
HAIOT OMpelesieHHbIt BUL BUpyca. Tak Kak B MaTpWLe MHOTO OTHEJIbHBIX
HAHOCTPYH, TO HAETEKTOP MOXET BbIABMAATL A0 100 pasauyHbIX THIIOB
BHDPYCOB.

Buouun pabotaer caenywoliuM ofpasomM: Kak TOJAbKO BHPYC NOIANACT
Ha COOTBETCTBYIOLEE €My @HTUTENO, TO NMPOBOAMMOCTb OTAENBHON HAHO-
CTPYHBI U3MEHSAETCH W, CJIEOOBATETBHO, M3MEHSIETCH COCTOSHUE TPAH3MNC-
Topa (puc. 5.8). DTO uU3MeHeHHe ONMPEAENAIOT NANbHEHLINEe JOTHUECKYE
HEenM, KOTOphBle B 3aBUCHMMOCTH OT HOMepa HaHorpaHsucTopa (1, 2 wan
IpYroit) CUTHAIM3NPYIOT O HalU4YUKW OlIpeneseHHoro supyca. Kak Mbl ro-
BODWUNM paHee, cxemMa MoXer onpenensite A0 100 pasnuyHbIX BHUPYCHBIX
YacTHULl.

«Bblcoxuit KO3(hDUIKEHT YCHIIEHH S HAHOTPAH3UCTOPOB W MX YYBCTBH-
TEJbHOCTL K MPUCOCIHHEHUK) BUPYCHBIX YACTMIL [103BOJSIOT ACNAThH Bbl-
BOA, 4TO BHOYUN CMOXET JETEKTUPOBAThL OTHE/NbHbLIE OPrAHUYECKHE MO-
nekynwl», — ropoput Jiubep.
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Puc. 5.8. Cxema pabotnl Hmounna

MposoanMocTs
L2~}

MpoBOAUMBCTH

O /1 Bpems

-

ﬂpononumocrb

Bpemsa

Uccnenopatenu 13 'apsapia NpoRoJDKAIOT 3KCIIEPUMEHTHl C GUOYHTIOM
JUISL TOTO, YTOOBI JOOUTLCA OMPENENeHHs] HECKONBKUMX THIIOB BHPYCOB HITH
6roMosieKyA onHOBpeMeHHO. Kak Hu crpanHo, ydeHble w3 KopHemna Bo
aBe ¢ KpafirxeioM 3aHUMAIOTCSl TeM e — CTPOAT TIOXOXHE GHOUMTIILL.

«)XXusbie» pob60Tbl ABUraioTCA C NOMOLUbIO
Mbiiy’

Kpoweutsie poGoThl, MPUBOOUMLIE B ABHXEHNE XMBBIMKU MBILULAMY, GbUIH
cosnanbl yueHsiMu KanudopHuiickoro yuusepcntera (Jloc-Anmxenec). Ve-
TPOHCTBA GbUIM C(HOPMMPOBAHBl NOCPEACTBOM «PACTYILMX» KIETOK KPhICHI
Ha MUKPOCKOTIMYECKOM KPEMHMEBOM Kpucranne, COO6111WIPI HCciaenoBaTesIM
B Xyphnaie Nature Materials (puc. 5.9).

KpoxorHbiid pofoT MEHbLUE MHUTHMETPA ANUHON MOXET ABHIATbCSA CAMO-
CTOSAITEALHO NpPH AO0ABNEHWY B OKPYXAIOLLYK) CPETy paCTBOpA IIOKO3bI. DTra
pafoTa — BrIeyaTJSIIOLIMK TIPMMED TECHOTO CO03a OMOTEXHONOTMI M Mupa
HaHoTexHonorwil. Mcenenoatenu B 061acT¥ HAHOTEXHONOIMM uacTo obpa-
LHAKOTCs K XKMBOM MpuUpoze As BaoxHoBeHHS. Ho npodeccop Kapno Monte-
maHbo u3 KamudopHuiickoro yHusepcutera (Jloc-Armxesec) obpaThacs K
TIPUPOIE He 3a MACEH, a 33 PeasibHbIMKA UCXONHBIMM MaTepuanamy. PaHee oH
CO30aN POTOPHBLIA HAHOMOTOP M3 MEHeTUUECKH MOAWGMDHLMPOBAHHOTO Oenxa.
Tenepb OH BBLIPACTIUT MBILLEYHYIO TKAHbL H& KPOXOTHBIX «CKEJETax» pofoToB.

' Cornell: How Cormneli scientists uncover and remake molecules of life;
BetterHumans: Miniscule Musclebots Powered by Rat Cells;

SPIE: First self-assembled micro-robots powered by muscle;

New Scientist: First self-assembled micro-robots powered by muscle.

\
«XKusvles pobomu 08u2aonca ¢ NOMOUBIO MbiluY |2é)>

Puc. 5.9. «>XKuBble» MalIHHbI
JeMHA N\

Inioko3a

Myckyn 803Bpa-
Myckyn Myckyn ulgeTgﬂ 8 Mcﬁmuoe
HenoABUXEeH COKPAWALTCH,  popoxeHue,
nepemeuian nepeMeu(as
330U KOHEW  nepennui xoHey
Biepen, Bnepen

Lh —.‘\

Komanga Kapno MoHTeMaHb0 MCIONb3oBaNa KapAUOMHOUMT (KJIETKU
cepaia) Kphichl AUTsl CO3NAHMS MeabuaiLlidX MaluuH, CMOCODHBIX ABMIaThCs
CAMOCTOSATENBHO 3a CYET COKpalleHUs KIeToK. JBa YCTPOHCTBA BbIMJISIAAT
KaK KPOXOTHasl Mapa AATYLEybuX JIaroK. ’

«KocTH, KOTOpble MBI MCITONB3YEM, Ha IACTMACCOBOM MM KpeMHUEBOH
OCHOBE, — rosopuT npodeccop MoHTeMatbo. — UTaK, Mbl CACNANH BTY AEH-
CTBHUTENBbHO APEKPACHYI0 KOHCTPYKLMIO, CIOCOOHYIO ABMIATLCH W THYTbCH.
Tenecpb Mbl UMEEM YCTPOMCTBA U3 “CKeeTa” W MbILLL, KOTOPbIE MO3BOSIOT
MM ABUTATBCA».

[ToA MHUKPOCKOIIOM MbI MOXEM YBHAETH KPOXOTHbIX JABYHOTHX «61060-
TOB», NOA3a0WMX 110 KpyTy. TIpodeccop MoHTeMaHBO COOOLLKI, YTO TaKue
MbILULIBI MOTAK Bbl G6ITH HCHONB3OBAHB! B MPKPOCKOMUUYCCKMX MaliuHax B
KauecTBe aKTATOpOB UMM AaXe YNPABJISTb MUHWATIOPHBIMM MEKTPHYEC-
KMMH reHepatopaMu, obecreynBas 3HEPrueil MUKpOCXEMBI,

Ho xorga xuBble KIeTKU COEAUHATCH € KpeMHueM — OyayT AW OHM XH-
BoIMH? «OHM abCONIOTHO XHBBIE, — 3asaBAseT npodeccop Monremanso BBC
News. — Sl ©Me10 B BHAY, YTO KIETKH JEHCTBUTENLHO PacTyT, pa3MHOXAIOT-
ca. Tak 4To 3TH yCTPONCTBA XKHUBbIEY.

3r1a Uies, BEpOATHO, AOJKHA 3aMHTEPECOBATHL MHOTHX, KTO YXE WMeCT
OTHOWIECHHWE K HaHoTexHosornaM. Ho uia MonTemaHbo, nipodeccopa mHxe-
HEpHUX, 3TO JIKLLUL MOBOL CPAaBHUTh CBOW DEIUEHUst C TEMU, KOTODhIE YXE
HaNUIa NpUposa, NpoRas MUJTMOHB! JIET 3BOJIIOLMU JO COBPEMEHHbIX CAOX-
HBIX 33134 B TCXHOJIOTHH.
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AHK-HaHOoMmawmHa npouseroguT nonumep'

Haa CuM3H ONsITh Hallen HoBoOe nmpuMeHeHue Monexyne JTHK. Teneps ¢ ee
MOMOLILIO YH4eHBIR co3nan «habpuky» ro OPOH3BOACTBY OAHOIO-eANHCTBEH-
HOTO NOMMEPa, [IOBTOPAIOLIETO CTPYKTYpY camoit dhabpukn. Ho B Gyayiuem
ITOA00HbIC HAHOMAIIMHB! OYIYT MPOU3BOAUTD PARTHMHbIE MaTepuaibl ¥ npe-
00pa30BLIBATL MHODOPMALMIO, U3MEHAST CTPYKTYPY HAHOCHUCTEM, COCTOSLIMX
13 monexkya JHK. BronHe Bo3MoxHO, YTO 3TO «CyYeTHas» OCHOBA OyayLMX
AHK-xkoMnsioTepos.

«JTO nepeas CUCTeMA-TPAHCIATOD, OCHOBAHHAA HA HAHOMEXaHHYECKOM
ycrporicrse, — rosopuT Haa CumaH. — Ona nipeo6pasyer oauu v HHpOp-
MalHK B APYTOH. A BO3MOXHOCTbL YNIPaB/siTh CTDYKTYPOil Matepuu fia aTo-
MapHOM YPOBHE M €CTb OTNUYMTELHAS YEPTa HAHOTEXHONOrHit», Han Cu-
M3H — KCCAEOOBATENb U3 Hmo—ﬂopxcxoro YHUBEDCHUTETA, CO3AANOLMMI H3
moutekyn JJHK pasnuynble CTpykTyphl, 061212 0ILMe YAMBHTEABHBIMU CBOI-
ctBaMi. OH MCIONB3YET 5Ty YHUBEPCAIBLHYIO MOJIEKYNTY RN TOro, 4TOObI
TIOCTABUTH Ha [10TOK NPOM3BOACTBO IOJMMEPOB C 331aHHON CTPYKTYPOIL.

Paameps! HoBoro JHK -yerpoiicsa, m3roTosneHHoro CuMaHOM, COCTARISA-
10T Beero 110x30x2 mm. OHo coctout m3 aeyx [JH K-maluuH, HasbiBaeMbIX Uc-
crenosarenem PX-JX, (puc. 5.10). tn Hanomaiumsst CUM3H u306pen HeCKOALKO
JIeT Hazal, CKOMOMHMPORAB ONpeaesieHHbIM 06pa3oM Lenu monexyn AJHK.

Cumon u ero komwrera Wladmuub JIso ao6apunu nenouxku JHK x kax-
Aoi crabuibHoi PX-JX -HaHoMalunHe. 3atem ouuM nobaBwiM dparMenTs
HAHK, cBa3bIBaIOINE NDOTHBOMONOXHBIE KOHLIbI PX-JX,-HaHOMAlUWHBI.
CxeMy u MUKpodoTOrpaduio sT0r0 MOMHUMEpPa MOXHO BHAETH Ha puc. S.11.

Pnc. 5.10. Crpykrypa PX-JX,-nanoMmaiuuHmp

' Nanotechweb.org: DNA nanomachine helps build polymers.

Hpupysenue maurcmeennsix GUOA0ZUHECKUX HAGHOKOHMELHEpos IZ\D
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Pac. 5.11. Cxema n ACM-Mukpodiororpadusi CHHTE3UPOBAHHOFO MOAUMEpPA

Hanee CrmoH 1 JIsto 3acTaBiiM 3Ty HaHOMaUMHY paboTath, JOOABMB B pa-
CTBOp, comepxawwmit ee, parmenTst Bee Toit xe JIHK. Manmna Havana cobu-
paTe U3 HUX TIOAMMED, TTIOBTOPAIOIMI CTPYKTYPY NEPBOHAYATEHON «(habpHKis».
Kax yreepxaaer CUM3H, C [1OMOLUBIO 3TN CUCTEMbl MOXHO TPOU3BOLAUTD Pa3-
JIMYHBIC TIONHUMEPDI, 4 He TOABLKO TOT, KOTOPBHA ObUT MOMYYEH B 3KCIICPHMEHTE.

JHK-na"gomairmaa pabotaer nonobHo uHhopmaumonnoin PHK, xoro-
pasi YIPaB/SET CUHTE30M OIpeAeffeHHOM MOAMNENTUIHOW Uenyu B OpraHy3-
Me. Ho B hyHKUMSIX 3TMX HAHOCHUCTEM €CTb M CYWIECTBEHHbIE OTAMYUA. Y-
TpoitcTBO CUM3HA HecHnoCOOHO K TPAHCNOKALMH, T.€. KOHEYHbI NPOXYKT
OyZeT TakoWM Xe CTPYKTypsl, 4T0 M caMo ycTpoiicrBo. Ha puc. 5.11 suaHo,
YTO CTPYKTYPA [IOJYYEHHOTO IMojIiMepa nosropseTcs.. Ho yueHsie BepsT, uro
uM yaacTea coznarh JHK-mamHy, paboTatonrylo nogobxo pubocome. «I'nas-
HOE NpUMeHeHue Oynyined MCKYCCTBEHHON pUOOCOMbI OyAeT B CMHTE3€ HO-
BbIX MaTEpHajyOB MO 3aJaHHOM NOCAELOBATENBHOCTY, 3aKOAMPOBAaHHOI B
JAHK, — ropoput CriMaH. — B KOHLIE KOHLIOB MbI HAYMHMMCsI AEIaTh MOIUME-
Pbl K HOBble MaTepHabl B GOMbLLIMX KOJUMYECTBAX W 32 MaNBIi NPOMEXYTOK
ppemedy Orarofaps JHK-mammHaM».

MpupyyeHue TanHCTBEHHbIX OUONIOrMYECKUX
HaHOKOHTeliHepoB'

Hanokancyibl, HazBaHHble HAHOKOHTCHHEPaMK, YACTO BCTPEYAIOTCA B XKMBBIX
Kierkax. XOTs1 UX OTKPbUIM ABAALATE ET Hasal, A0 CHX TIOP YYEHble He CMOTIY
TOHATh MX HA3HAYEHUS, TaK Kak He Gpuia yecTaHOB/IEHa WX ponb B Kietke. OHU
He MepemMeliaii HUKAKHMX MOJIEKYA M HE BbIITOAHSNN OPYTHX (DYHKUME.

! NSF: Vaults: From Biological Mystery to Nanotech Workhorse? (http://www.nsf.gov/
discoveries/disc_summ.jsp?cntn_id=104106&org=NSF&from=news).
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MccneporaTent HACTONBKO 3aMHTEPECOBANMCE 3TUM (DEHOMEHOM, 4TO re-
HETWUYECKH MOAMPULIMPOBANTH OLHY U3 MLILLIEHA TAKUM 00pasoM, 4TO B €€ KJIET-
Kax HE COAEPXATOCh HAHOKOHTEHHepoB. Ho naGopatopras Melllb Besa ceOg
TOYHO TAK XK€, KaK W APYTHEe, U HUKAKHUX OTKIIOHEHH B ¢ PA3BUTHH W COCTO-
AHUY He oBHapyxHaoch. T1oaToMy yueHble YAUBNINCE: eClH bl HAaHOKaMCy-
JTb] HE BBUT HYXXHbE 11 QYHKUHMOHMPOBAHUS KJIETOK, TO € TEUSHHUEM 2BOMIO-
Uy onY Opf ATPOPUPOBANKCH. A 13 PE3YALTATOBR WCCACROBARUE NONyyaeTes,
UTO OHW B KJIETKE HE BhIMTOJNHAIOT HUKaKuX GyHkuuit. Uccaenosanms, nposo-
OKWMble Hall HAaHOKOHTeiHepaMu, HATOJIKHYJIM YUYEHbIX HAa JPYryi0 MBIC/b: a
YTO, C/IM UCTIONB3OBATL 3TH NMPUPOIHbIE HAHOKARCYJIBI B HAHOTCXHONOTHsix?
Bens onwy ripeactapnsior cobod uaealibHble KOHTEAHEPH! JUIST AOCTaBKM Jie-
kapers, Monekyn JAHK, PHK; ux Takke MOXHO MIPHMEHATE B HAHOBNIEKTPO-
HMKE — B JIEKTPOHHBIX KAlOYaX M MuKpocxemax (puc. 5.12).

Puc. 5.12. Mozenb HAHOKOHTEHEpa

HaHokoHTeAHepsl NpencTapisiioT coboi BepeTeHOO0Pa3Hble Karcy bl U3
6eaKoBEIX Mosekysl. OHH BHYTPH TIONbIE W HE CTPYKTYpUpoBaHsl. MaxTyyec-
KV HaHOKOHTeMHepbl — 3TO nycras oDONOYKA, KOTOPAas AOJKHA YTO-TO CO-
NepXaTh.

Buoxumux Jleonapa Pom n3 KanndopHuiickoro yHHBepCUTETA, MO UbUM
DYKOBOACTBOM ObIIM OTKPLITEl B 1986 r. HAHOKOHTEHWHEDHI, B HACTOSWEE
BpEMSI COCTABHI MOAEb, KOTOPAS XOPOILUO ONMUCHIBAET CTPYKTYPY HAHOKOH-
TeHHepa. TakKe OMOXHMHK H ¢ro KOMaHAa OTKPLUTH, KaK 3TH HAHOKaTCY/bl
NPOUMIBOAATCA B KNETKE: A1 3TOrO HeobXoaMMa oMpeacaenias uenodka PHK
M Habop OeNKOBBIX MOJeKyN. Takxke, Kak yTBEepXOAeT Pom, «reneps, Korma
Mbl MOXEM CO3RABaTh HAHOKONTEHHEPSH!, MBI OyAeM YnpapAsTh 1X CBOMCTRA-
MH, T.C. MOXEM CO3AaTh I'OTOBYK) HAHOKAICYJY C TPY30M W crielRuuecKu-
MW MapKepaMM Ha ee MOBEPXHOCTH». ECIM MCCnelnoBaTelsiM YAACTCST 3TO
caenarb, TO HEMUHYEM TIPOPBIB B 061aCTHM TOMHOM JTOCTABKY JIEKApPCTB.

HaHokoHTeitHepbl — OTAMUHBIA KAHAWAAT LIS EPEBO3OK MEAHKAMEHTOB
U ¢pparMernToB AHK, Tak Kak oHM 0e3 NpensiTCTRUM NPOHUKAOT Uepes Kie-
TOUHYIO MeMOpaHyY H MX HE aTAKyeT UMMYHHasi CHCTeMa 4e/10BeKa, BOCTIDUHH -
Mas uX Kak «CBOx». Kax Bbipaszvinics POM, HAHOKANCYSbi — «3TO TPOSIHCKHME
KOHM B MeanuuHe. OpraHu3m C'IMTaeT WX CBOMMM, B TO BpPEMs KakK BHYTPH
OHH COmEpXKaT IPy3bl, KOTOPbIE Mbl 3aXOTHM AOCTABMUTL BHYTPb HETO»,

TIpupynerniue MmauncmeennbX GUOAORUMECKUX HAHOKOHMEUHEPOE l\)

IlepBbift 1ar B MPUpyYeHMH HAHOKOHTEHHEPOB Y4CHDBIE YXe CHCHAIH.
OHY OTKPLUIM NOCJAeAOBATENLHOCTL U3 100 aMHMHOKNCIOT, KOTOopas, Kax
KJIIOUOM, OTKPBIBAET BHEIUHION 000J104YKy HaHOKAaIcylsl, 006pasys B HEH
«IOTPY30UHOE OTBepcTHE» (pUc. 5.13). 3aTeM McCIenOBaTes/ld NOUbITANUCH
TaKnM 0BPa3OM MOMECTHTHL BHYTPh HAHOKOHTEiHepa ABe (hyOPEeCLUEHTHBIE
mMeTKu, OHU NPUCOCOMHITH HX K «K1IOUY» M J0DARKIM B pacTBOP C HaHOYa-
critamy. Kaxk ¥ OXuaanoch, HAHOYACTUNL «0OReTMAN» DAKOBBLIC KIETKU.

«D7T0 OUEHBb U OUEHb XOpOLIEe A0KA3ATENLCTBO TOTO, YTO MOXHO UCI0/1b-
30BaTh HAHOKOHTEHHEPBl B POJIM “IUATTIOB” sl JOCTaBKU NEKAPCTB HENoc-
PEACTBCHHO B JKUBBIG KIEeTKH, — TOBOpUT Pom. — Qillako HaM OCTanoch
TIPOBEPHTE MEXAHU3M Pa3rpy3kd “[IATTIOB” Ha XWBOW KIETKE, a 3TO I0Ka
HE pEeLIeHHDbIA HAMU BOIIPOC».

I Puc. 5.13. ITonepeunoe ceue-
HUE HAHOKOHTECHHEpA

Ho paGota uccrenosarenei npoxosokaeTes. T1poaeiaB psii KOHTPOIbHENX
IKCIEPHMEHTOB C XKUBbIMH KJIeTKamM#, POM w ero Kosuierd no0HIuch HHTE-
pecHbIX pesyabTaroB. OHU A00aBHIKM HAHOWATTALI ¢ (UIYOPECLEHTHBIMU
YACTMLIAMH B KyJBTYPY C XMBBIMMW KAETKAMM, W T& TOXE Havaiy CBETUTLHCS —
Ipy3 rioran B uelb (puc. 5.14).

B ganpHeiieM yueHbIe MOTPOOYIOT CUHTE3UPOBATh HAHOILATTIIBL CO CIe~
HUPHIHLIMK GEIKOBBIMM MapKepaMM Ha MX TIOBEPXHOCTHU. DTO IO3BOJUT
JIEKAPCTBY NPOHUKATEL HETOCPEACTBEHHO B DONILHbIE KAETKH.

- Puc. 5.14. Hadomatinbi noc-
| Tasunav QIYOpPECHEHTHIE Met-
KW BHYTPb KJISTKH

[}l
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Kak yrsepxmaer PoM, OH BHAMT HECKOJbLKO BO3MOXHBIX NMEPCICKTMB
NIPUMEHEHHST STUX HAHOLUIATIIOB B GyaylwieM, BOT OHH.

e TepareBTHYECKas JOCTABKA JIEKApCTB, OHKONOIUA, XMMUOTEPATUs;

e JIOCTABKA MAMW 3aMELLCHME IH3WMOB M (PEPMEHTOB, KOTOPBIE BhIILIBA-
JOT HApYLLeHHa 0OMEHa BEUIECTB;

o gocTaBka Monekyn JHK U1 MCTIpaBieHns reHeTHHECKUX MYTAlUNH;

s craGuiu3alms MpoTeHHOB NJIf YBEJIUYEHUS MX BPEMEHH JXHM3HH;

e CO31aHUe BUOCEHCOPOB, CHOCODHBIX OTOBPAXATH COCTOSHME OTACIb-
HOW KNETKH;

e JIETOKCHKALIMAS KJIETOK M YAANEHVE W3 HUX BPEAHbBIX BELUECCTB,

e QUKCTKA OKpYXarmoweil cpenpt OT TOKCHYHALIX METaiOB W OMNacHBIX
BHOJIOTMHECKMX 00hEKTOB;

e HAHOIMEKTPOHMKA: HAHOMEPEKIOYATENM, KIIOUM Ha OCHOBE MeTall-
JI0B M MOXYTIPOBONHHKOB, 3aKTIOUEHHLIX B HAHOKOHTEHHEPE.

DengpomepHbte AHK-naHouacTuLbl
NOMOryT G0pOTLCA C PakKoOM
M apyrummu 3abonesaHusiMu’

Wecnenosatea W3 MUYMIAHCKOIO YHMBepcuTeTa paspaborany ObICTPbIHA
3(h(heKTHBHBIA METOA NPOM3BOJICTRA JIEKAPCTB C HCIO/Ib30BAHNEM HAHOYAC~
™ML U mMoaekytst JTHK.

YYyeHbIc B3SUIH 32 OCHOBY MOJIEKYNbl AeHAPOMEPOB — KPOLUEHHBIX pas-
BETBJIEHHBIX NOAMMEPOB, KOHUBI KOTOPBIX MOTYT IPUCOCIHHATD PAIMYHbIE
Monekyasl. TakiM o6pas’oM, MOJEKyJibl JeHIPOMEPOB 00pa30BbIBAIOT pa3-
JIMYHbIE KOHCTPYKUMH, KOTOPHIE MOTYT CITYKHTh «CMKOCTAMM» AJIST JIEKApCTB.

B x0sie IKCNEPUMEHTOB ¢ COCAMHEHHAMH U3 ACHIPOMEPOB yUEHDIC yCTa-
HOBWIM, YTO OHHM XOPOIUIO COSAMHSIOTCS C MOJEKYl1amu JAHK. Tlpu aTtom
monekyist JJHK BbICTYNamoT B Ka4eCTBE «CKEJETa» CONHOH MOJEKYILI, 10~
CTavJAIoOWE 1IeKapCcTRO.

Puc. 5.15. JeHOpOMEPLI-[TOTHMEDBE, CNO-
COGHBIE CBHA3BIBATL APYFHE MOMEKYNE]

| Hosocty Hanorexronorui, XKyprar HMCT. 2005. Ne 5.

Hendpomepnvie JJHK-Hanouacmuyor nomozym Gopomscs ¢ paxom l\)

I'napHple aKTHBHBLIE KOMIIOHEHTB! 3TOW HAHOCKCTEMBI — JeHApPOMEpHl —
MOTYT HECTH Ha cebe pasIMiHbIC MOREKYJIL, OT JIeKapCTBa U OENKOBbIX Map-
KEpOB [0 (PNYOPECHEHTHBIX ATCHTOB. B IMPMHUMIIE, MOXHO CO3IaTh AEHAPO-
Mep, KOTOphli OBl Hec OAHOBPEMEHHO W Mapkep, U NEKApCTBO, HO TPOLECe
CHHTEe3a TaKOM MOJNeKysibl O4eHb TpyAoeMoK (puc. 5.15).

«bnarogaps AeHApOMEPaM Mbl MOXEM AOCTABHTL NpPAKTHUECKH n1000e
JIEKapeTBO MM TMArHOCTUYECKOE CPEACTBO B JIOOYIO KIETKY», — cKaszal
Ixeitme Batikep, npodeccop HaxoTexHOAOTHI K AupexTop LlerTpa 6uonHa-
HOTEXHOJIOTUH, 08pa3oBaHHOTO nMpu MKMUTAHCKOM YHUBCDCUTETE.

HaHouacTuubl — uaeanbHoe CpeacTBO AMS AOCTABKH JIEKAPCTB BHYTPb
Knetkd. HO o ¢ux 110p yyeHble HE MOIM PasMECTHTh Ha HUX MapKephl,
NO3BOJAIOIIME AOCTABWTL JIEUeOHLIA Py3 HAHOYACTHLIB TOYHO B Lieib —
BHYTPL OONbHOH KieTky. Ja u camo NpoH3BOACTEO HAHOYACTUI AOPOro CTO-
WT M 3aHUMaeT MHOTO BpeMeHU. braroaaps HOBOIt TEXHOJOTHH HAHOYACTU-
bl CMOTYT CTaThb OJHWM K3 CaMblX PACTIPOCTPAHEHHLIX IIPEraparoB [UIsl
JeYEHHUs] pa3sIMUHbIX 3aboneBaHuil (puc. 5.16).

Puc. 5.16. JeHnpoMepHas HaBO4aCTH-
Ha MPHUCOCAMHACTCH K MNOBEPXHOCTH
PaKOBOi KIETKH

B craree, ony6nnkoBaHHoil 21 suBaps 2005 r. B MHCTHTYTCKOM XypHane
«XuMHS n Guostorus», ctyneqt Jurcon Ho# onucan, Kak eMy yaanoch CHH-
TE3UPOBaTh HAHOWACTHLYY-KIAcTep, COCTOALLYIO U3 JBYX PasHbIX ACHApOME-
poB. Tlpuyem oana Moexyna HeHApOMepa TpegHa3Hadanach A [TOMCKa
COnbHBIX KIIETOK, a ApYTas COAEpXana JieKapcTBo s Hux. OGe MONEKyNbt
6bu1H cBa3aHbl Henoukoil JTHK, xoropas mrpana posb «ckeneras.

Kak yrBepxnaoT Komtern Yoit u xoaitMe batikep, nosyyeHnble HaHO-
9aCcTHLbl MOTYT YCMCLIHO HCIMONB30BATbCA KAK [IPHW JAWArHOCTHKE PAKOBbIX
3a60sieBaHUi, TaK ¥ NMpU KX IochexyoleM neyenuu. IlpocTod cuHTes Ha-
HOYACTHL M WX YHUBEPCANBHOCTL I[IO3BOJSIT COENATh STOT BMA NEKapcIiBa
3(PGEKTUBHBIM W JTOCTYTIHEIM.



@2 Inasa 5. HanoGuomexrnosoeuu 1 npumeHenHue RaHomexHonoauli 8 Meduyute

B crarbe Yol paccka3dan, Kak OH NMOAYyYMA HAHOJYACTULY-Kiacrep. B pa-
CTBOP C ABYMSI PasiMUHbIMHU THIIAMM ASHAPOMEPOB OH JODABUI TEMOUKY
OHK anuuoi 34—66 Hyxi1eoTHAOB. OKa3anoch, YTo AeHAPOMEPHl UMEIOT yya-
CTKM, KoMNneMeHTapHhie Hykneotnzam JHK. Yepes wexoropoe Bpems B
PacTBOpe «COBpaAUCEy CTPYKTYPBl M3 ABYX JEHOPOMEPOB, CBSI3AHHBIX MEXIY
coboit uenouxott JHK. Omun Tin mMoRekyn HeHapomepoB Gbul dayopec-
UEHTHDBIHA, & APYTOil COAEPXaJl KOMIICKC MApPKEPOB PAKOBLIX KIeToK. [Tony-
YeHHbIN PaCcTBOP KJIACTEPHBIX HAHOUACTHML [IPSACTARIIN/ COBOM CPEACTBO LIS
JWarHoCcTUKM pakoBbix onyxoneil. JJHK-HaHouacTMubl npuiunatu Mapkep-
HbIM KOHUOM K DOJTBHOI! KIIETKE, & N0 (hnyopecuypyomieMy KOHLY 3TH KIETKU
MOXHO ObUIO YBUIETD.

C NoMOIBI CAMBIX COBPEMEHHBIX CPEACTB LUTONOTHYECKOTO AHAIM3a
MCCAEA0BATENH POBEPHIH, AEHCTBUTENIBHO U JEHAPOMEDHI NPUKPEILIAIOT-
Csl MAPKEPHBIM KOHHIOM K PaKoBbIM KietkaM. [ npoBepKH MCMONb30BaAM
3D-mukpockonbl. Pe3ynsTaT okaszaicsi NOAOXHUTENBHEIM — GOJNBLUMHCTBO
HAaHOYACTUL JOCTHIIO Leu.

«DTOT 3KCMEPHUMEHT NOATBEPXAAET MPABWILHOCTL HALIUX HCCiIEa0Ba-
nui, — ckazan Yo#. — Ceiyac Mbl paboTaeM Haa co3gaHueM APYTHX HaHO-
YACTUL, ADYroil KOHell KOTOpmX OyJAeT coaepXarb JICKapCTBO, a HE (QAyo-
pecuUeHTHbIl arenT». A rpynna bajikepa cocrasiger OubnuoTexy
AEHAPOMEPOB, KOTOpPbiE MOXHO OyAeT CHMHTE3MPOBATH U CKOMIIOHOBATH C
monekynoi JHK, ucrnonbdys HOBYH TEXHOJNOTHIO. «MBI ceifuac roToBHM
cxnan kupnnmuukos JIETO, u3 xotopsix motom GyAeM COCTaBASTH Jekap-
CTBa OT pain4yHbIX 3aboneBanuii», — ckasan baiikep.

Baiikep npeABUAMT CO3AAHNE HAHOKIACTEPOB, COCTOSILUIMX M3 TPEX LEMOoYeK
JHK. 371 «6230BbIe BIOKM», NOMELLEHHDbIE B PACTBOP € ACHAPOMEPAMH, BhI3O-
BYT CaMOCOOPKY HaHOYaCTHLY, COCTOSAILIMX YXE U3 YETHIPEX AEHIPOMEPOB, KOTO-
pble OYOYT BbIMOJHATL pasniHbie GyHxumy. OAMH KOMIUIEKC HAHOYACTHLE)
MOXET HECTH ANAarHOCTUYECKHMA areHT, ApPYroll — MapKepHbIH, a TPETHit — se-
yauwit. ‘Takue TepaneBTdecKue NeHAPOMEphbI MOIAM Obl M3BMpATENbHO MO~
CTABASITL MSTh OTICNBHBIX JIEKAPCTB TSTH BUAaM kiieTOK. IIpu aToM cunTel
TaKOMH cynepmosiekymbsl o Metonrke Yost sanumaeT [0 waros BMecTo 25, KOTO-
pbie HeoOxoanMo ObUIO NpOAEaaTh IPH KUCTIONHL3OBAHMM TIPEXHMX TEXHOIOTUM.

YrnepoaHble HAHOTPYOKN B MO3roBbiX
mMnnaHrtarax’

Hccnenoparensam U3 Mtanum ynaiock BblpacTUTh KYJBTYPY HEPBHbBIX KITe-
TOK M3 TUNNOKAMMNANBHOTO OTHAEJA TONIOBHOTO MO3Ta YEJOBEKAa Ha cy6-
CTpare M3 CETH YINepodHblXx HAHOTPYOOK. Takxe yuerbimu 66110 ycra-
HOBJIEHO, YTO CETh U3 HAHOTPYGOK yAyUILACT Nepeiayy HepBHbIX UMIIYILCOB

! Nanotechweb,org: Carbo nanotubes head for brain repéi.r (http://www.nanotechweb.org/
articles/news/4/5/14/1/).

YenepoOrbie HaHoOmMpPy6Ky 8 MO3208bIX UMWAGHMAMAX I@

MeXAy KiIeTkaMmu. Panee yyeHbIM yIaBaIoCh NMOSYYMTH PA3BETBIEHHBIE
CETH HAa OCHOBE YrACPONHKLIX HaHOTpPYOOK. Ha ocHosaHuuM Mozeneil pas-
BETBJICHMH HaHOTPYOOK YUEHble HANESNMCh KOrIa-To CO34aTh CIOXHbIE
HEApPOCETH, KOTOPBIC OYAYT UIMEHATL CROIO CTPYKTYPY U OYIAYT NPHUTOAHBI
L1 BBIYHCAUTCTBHOR TEXHUKU UIU MOMOryT MpH co3galin UCKYCCTBCH-
HOI'0O MHTENJIEKTA.

Ho naxe cambie CMeNble YYeHBIE HE MORMH TPEANONOXHUTb, YTO MOXHO
co31ath MOZOBHLIA [MOPHIA U3 «HEHMpOCETEBbIX HAHOTPYOOK» M XWBBHIX HE-
pBHEIX KIeToK (puc. 5.17). TlonbiTKy COEMMHHUTL HEXMBOE C XHBLIM YXE
YBEHUYATHCH yenexoM: MHTePdeiichl KpeMHUIT — HepBHas kneTka paGoTaoT B
nabopaTOPHEIX YCAOBMAX U MOCYT nepcaaBaTh CHUIrHaibl.

L - T Puc. 5.17. He#tpocerh W3 Ha-
o HOTpYBoK (Mozens)

«Maes coBMecTMTh HAHOTPYOKM M HEHPOHB! MpHILLIA HaM [MOYTH Cpasy,
KaK TOJIbKQ Mbl YBWAETH CXOACTBO B WX Mopdogoruu, — rosopHT Jlaypa
Bannepunu, onva U3 uccrenosartenest HedpoceTeid. — OTPOCTKH HEHAPOHOB
TOXE LUMIHMHAPUYHBl M HAIOMMHAIOT IO CTPYKTYpe HaHOTpyOrM. M3secTHo,
YTO HAHOTPYOKH MOTYT ObITh ¥ IPOBOOHWKAMH U NONYIIPOBONAHHUKAMY S/IEK-
TPUYECTBA, NO3ITOMY € MX NIOMOUIbIO MOXHO COSIMHSATH OTAENbHbIE HeHpo-
HBbI MEXOY cobofi».

Inst Toro yToOBl CO3AATh HYXKHBbLL CyOCTPaT, 1Mo MOpdOAOrMM HaNOMUHA-
IOWKA HEHpOCeTb, YYEHbIE B3SLIUM MHOTOCAOHHbBIE HAHOTPYOKM ¢ DYHKIHO-
HANEHBIMH TMHPOJMAMHOBBIMU IpYANaMHB. ITH XUMHUYECKUE COCANHEHHS
0obneryaloT pacTBOPEHUE HAHOTPYOOK B OPTAHMUECKOM PACTBOPUTENE AMMe-
TuiachopMamuae. 3aTeM OHM PaCMOIOXWIH HaHOTPYOKM B clydailHOM no-
PALKE HA CTEKJISTHHOHN [0BEPXHOCTH M Jo0aBwin pactsoputenb. Yepes He-
KOTOPOE BpeMsl Y MCCIeROBaTeNeH Obl1a TOUHASI aHAIOTHA HEFPOCETH, TONbKO
COCT2BJIEHHASA M3 YTIEPOAHBIX HAHOTPYOOK.
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Kak tonsk0 HCKYCCTBEHHAA HERPOCETh U3 HAHOTPYDOK 654 ITOJTyYeEHA B
AOCTAaTOMHOM KOJIMYECTBE, YYEHbLIE PACTIONOXKHUAN HA HER HEHPOHbBI TMILIO-
KaMnanbHOH 0OMACTH TONOBHOTG MO3Ta, NpMUEM [JA [IPOBEPKH HEHPOHbI
BHIPAMUMBAIH OTAEAbHO HA YHMCTOH CTEKIIHHOM noBepxHocTH. KomaHaa Ha-
6nonana 3a poCTOM HEHpPOHOB B TeUeHHe HecdTH AHel. [To upouwecTsuu
3TOr0 BPEMEHM OKAa3anoch, YTO Ha OOOMX NOMOXKAX CHOPMHUPOBATUCH MO-
YTU OOMHAKOBKIE KYN6TYPhl KIETOK.

3a yCOSWHbIM BhIPALMBAHMEM HEPBHOM TKAHW TMOCNEN0BaA NEPHO TeC-
ToB rMbpuga. Ob6a obpazua noxaszann cxXoxue dMeXTPoBGU3HOIOTHUECKUE
XapaKTePUCTHKIM: MEMOPAHHbIA NOTEHUHAT, BXOAHOE CONPOTUBNEHHE H eM-
KOCTh. OAHAKO KOrAA ASIO0 A0LINO A0 U3MEPEHUS MTOCTCHMHANTUYECKOTO TOKA,
TO B 00pa3Le, BHIPOCLUEM Ha HEHpPOCeTeBLIX HAHOTPYOKAX, OH pacrpocrpa-
HSIZICA C 4acTOTOM, B 6 pa3 OOuibluCH, YeM Y KYJIbTYPhi, BbIPALLEHHOH HAa
NIPOCTOM CTEKNE.

«HalrmmMu HeenesoBaHMSIMU MBI MPOAEMOHCTPHUPOBANH YBETHIEHUE CKO-
POCTH PaciipoCTpaHEHMA HeApocurHana 6aaroaaps pOBOASLIHM CBOUCTBAM
cyGCTpaTa U3 yINEPOAHbBIX HAHOTPYOOK, — CKasaia bamwrepuuun. — B gaie-
HeluieM Mbl Oyaem MCCAEeNOBAaTh HOBLIE CTPATETMM TKAHEBOM MHXKEHEPWU HA
OCHOBE pa3/IMYHbIX HAHOCHUCTEM U HaHomarepuanos. OnHa u3 Hanimx Oymry-
W¥X 3aday — CO3AaTh TAKUE HEHPOCETEBbIE UMIVIAHTATh], XOTOPHIE TTO3BONAT
COCNMHATDL ITOBPEXAEHHbIC HERPOHD! MexAY COO0M AN yIyyLIeHWs nepena-
YK CUTHAIOB MEXIY HUMMH»,

Kak ckajany UCCAEAOBATE/AU, CYMMUPYS BCE TO, YTO WM YAAJOCH y3HATh,
C MOMOULLIO HOBOM TEXHONOTMH MOXHO OYIET MONYYKTb YK€ CKOPO AO/Io-
BPEMEHHBIE WMITIAHTB! [ONOBHOIO MO3ra, yIydlUaroUiMe repenayy CHrHa-
o8, Oy 6YnyT 3DDEKTHBHBI DY JIEUEHHM N 3a00IEBAHME CIMHHOIO MO3ra,
XPOHWYECKHX 3aD0JEBANMI rONOBHOTO Mo03ra. TaioKe yyeHble IMpesararT
BBOAUTH MHUKPO3JEKTPOAK! B HEHpoceTeRoi cybCTpaT HaHOTPYOOK AN MHO-
CTHMYJISILIMH TIOBPEXAEHHBIX YUACTKOB.

HaHOTeXHONOTUM NIPUHOCAT GOrarsbie IUIOAKL Aaxe ¢ ogHoro aepesa. 1o
CYTH Aefia, YIIEPOAHbIE HAHOTPYOKM — TONBKO OAHA M3 MMANMAPAOB BO3-
MOXHBIX HAHOCTPYKTYD, M Mbl YXXE CeHyac MOXEM BMACTb, HACKONbKO LIH-
POKO HCIONBIYIOTCSI UX BO3MOXHOCTH: 3TO W HAaHOTPaH3ucTophl, # NED-
TEAEBM3OPLI, U KocMUuueckyit nndr. Tenepb K 0OLUHPHOMY CIHCKY IPUME-
HEBMSA HAHOTPYOOK NMpuOaBUAWCH UMIUIAHTATBl MO3ra.

«YMHbIe» HAHOTPYOKU B LOCTaBKe neKapcrs!

Hanorpybku — TIpakTHMYeCKM YHMBEPCAbHAS HAHOCHMCTEMA. Mbl YXE BU-
[EeNH, KaK UX MCTIONB3YIOT B MHKDO- U HAHO3JIEKTPOHWKE, PA3IHUHbIX HM-
NAaHTax ¥ NPoTe3ax, HEPEAKO OHW BLICTYNAIOT B POJIW CEHCOPOB, a OTALHb-
HpIE YYEHbIE AaXE COOMPAIOT M3 HUX KapKachl AAST OYAYIIMX HAHOMAaWH.

' EurekAlert: «Smart» Bio-nanotubes Developed; May Help in Drug Delivery.

«Ymuvie» nanHompybru 6 docmasxe nexapcme IJ

Ho 00 cux nop HHUKOMy He I[PUXOJAWIIO B [OJNOBY MCNONB30B8aTh UX B A0C-
TaBke NekapcTs. OOBYHO AN 3THX (ereit MPUMEHAIOT HaHOYaCTHLLbl, TaK
KAaK OHW MOCYT JIETKO APOHUKATDH Yepe3 Mopsl B KJIETOUHbIX MeMBpaMax u
KAMHUTsSIpax.

[Ipapna, 3TO He OOBIUHBIE, YXK& 3HAKOMbIE HaM yTaePOAHbIE HAHO-
TPYOKM, a OJMH U3 KOMIIOHEHTOB XHBDHIX KNETOK. JT0 NPOTEHHOBLIE Ha-
HOTpYOKM-(DUIAMEHTEl, BXOASIIHE B COCTaB OOJie€ KPYNHBIX MHUKPOTPY-
BOK, KOTOPhIC KJETKa MCIOAB3YET AN TPAHCMOPTUPOBKH BELIECTB BHYT-
pH cebsr.

Hograg TeparesTHyeckas cucrema, paspaboraHsas ydeHbiMu w3 Kanu-
(hOpHHUitCKOrO YHHUBEPCUTETA COBMECTHO C HECKONBKMMH LMTOJOTHUECKH MU
nabopaTopuUsIMU, MCMONL3YET HAaHOTPYOKM B KaYECTBE AKTHBHbLIX MEPEBO3YM-
K0B mMegukaMeHToB. [Ipy 3TOM BpauM MOTYT KOHTPOIWPOBATb OTKPbITHE
KOHLIOB HAaHOTPYOOK TAKMM 00pa3oM, wroObl OHM BBICRODOXAANU LIEJEOHbIE
rpy3bl B HyXHOM MecTe. TT03TOMY YJYeHble Ha3BaiW MPOTEMHOBO-JIUMHIHBIE
OMOHAHOTPYOKM «YMHBIMH»,

KpoMe MeIHMKaMeHTOB, HAHOTPYOKM MOTYT AOCTABIATH B KIETKW Le-
nouku JHK, KooupyoulHe OnpeieieHHbIe TeHbl. Takas agpecHafd TeH-
Hasl Tepallisl MOXET TIOMOYD B JIeYEHUH MHOTMX FeHeTHyecKux 3abonea-
HMH ¥ paka.

Mono6Hble NPOTEUHOBLIE HAHOTPYOKM — AOBOJBHO TNACTUYHbLIE HAHO-
CTPYKTYpbI, Tak KaK ABYXCHOWHDIE JHMWIHbE MeMOPAaHLI MOTYS PHHWUMATDH
Pa3HUHYIO NPOCTPAHCTBEHHYIO GOPMY B 3aBUCHMOCTH OT COOTHOWEHHS K-
MO — MpoTeMH. Tak, HaHOTPYOKA MOXET «MepPeKJIIovaTECA» MEXIY COCTOs-
HMAMU «[TOJTHOCTBIO 3aKPbITA», «OTKPBIT OAHH KOHEU», «OTKPbITE! 003 KOH-
1a». Buewnre HAHOTPYOKAa MOXET ObITh M NPONOATOBATON, M B BUIAE KaTICYJTHI.

OpranmK3aTopbl MeXAMCLUMINKHAPHBIX KCCAEN0BaTeNbCKHUX PAbBOT, Ona-
rofapsa KOTOPBIM YMEHBIE CMOTMAM IOJYYUTh YHMKAILHBIE «YMHBIE» HAHO-
TpybKy, — npoeccop Guoxmmun KanndopHuiickoro ynusepcuteTa Jlecan
YHIBCOH M NPOdheccop MATEPNATOBEHCHUSA H PU3HKHU U3 TOTO XE YHHUBEPCU-
teta Unpyc Cadunsga (puc. 5.18).

Mukpotpy6is, cOOpMUPOBAHHEIE 13 DHAAMEATOB-HAHOTPYOOK, — OAHa
M3 OCHOBHBIX COCTAB/SIOLMX MHMTOCKENEeTa KIETKH. dns Toro utobsl mony-
YUTEL [TPOTEMHOBLIE HAHOTPYOKHM, YUE€HbBIE BOCIIONB3IOBIUCD TKAHBIO TOAOB-
HOrO MO3ra KOpPOBBI, B HEPBHBIX KIIETKax MUKDOTPYOKH TakXe BBITONHSAIOT
pOJTb HEMPOTPAHCMMUTTEPA, T.€. NePeAaTIMKa HEPBHbIX CUTHAIOB MEXAY KIET-
KaMHU.

«OQHa U3 BAXKHEMLUMX YaCTeil HAWero OTKPhITHS — caMocOOpKa ApoTeU-
HOBbIX HaHOTPYDOX B CMEWAHHOM PAacTBOPE MOL BO3AEHACTBHEM 3JIEKTpH-
YECKUX 3apslloB», — KOMMEHTUPYET cBoW paboty Cadmnbs.

Kaxk panee noacHser YwibCoH, yYeHble JOOWINCDh B3aWMOACACTBUS MeX-
Ay OTPUUATENBHO 3aPSHKEHHBLIMH MWKPOTPYOKAMHW M TOJIOKUTENABHO 3apsi-
KEHHBIMU JIMMMIHBIMKU MemOpaHaMu. B pacTBope, CofepxalleM CMECh THX
HaHOCTPYKTYP, W ITPOMCXOOMT CaMOCOopKa «yMHbBIX» HaHOTPYOOK.
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Puc. 5.18. CTpykrypa «yMHbIX» HAHOTPYBOK.

HauoTpyOku cocTosiT M3 Genxa TybynuHa (KpacHO-rony6o-xe-
TO-3€NeHbie 06beKThl), KOTOpblll dopmupyet crivpann. CHapyxu
HAHOTPYOKHM NOKPLITBL ABYXCNOHHON MEMOPAHOii (XeaTo-3eneHas
HABYXCi10MHasl CTPYKTYpa). B LeHTpe K caeBa NOKa3aHbl ABa COCTO-
AHHA HAHOTPYOKH, 3aBHCALUKE OT COOTHOWIEHHUSA JHUMUIBI — po-
TeMH. Y UEHTpanbHOH HAHOTPYOKH 004 KOHL@A OTKDLITH, & Y TOM,
YTO CJICBA, — 3AKPBITh

Homyuetinan HaHOTPYOKA COCTOMT W3 TPeX CAOEB, U €€ OBIIMIA IUaMETp
coctasiger okono 40 HM, a BHYTpeHHMIT auamerp Kancyiast — 16 uM. ITo-
CKONIBKY B pacTBOpE, COMepXalleM CODPaHHble HAHOTPYOKH, €O BpeMeHeM
(OPMUPYETCST PABHOBECHE MEKTPUUECKHX MOTEHLIMANOB, TO M KATCybl WIS
JIOCTAaBKU JIEKApCTB ByayT UMeTh oaHy hopmy. Ho ecin Bo3neilcTBOBAThH Ha
PacTBOp NOTIONHUTEIbHBIM 3MEKTPHYECKMM MOTEHUMANOM, TO HAHOTPYOKM
M3MEHAT KOHQUIYPALMIO — OTKPOIOTCA WAM 3aKPOIOTCS B 3ABHCUMOCTH OT
FIOJIAPHOCTH MOTeHUMANA.

YyeHble HaNeoTCsl, YTO TaKaA MIACTMYHAA KaNcyna JOCTABKM JIEKapCTB
CMOXET MEPEHOCHTh HE TONBLKO JieKapeTea, HO K dparmenTsr JHK. B cBoux
ONBITaX YAABCOH M €r0 KOMErH ROOWINCH TOTO, YTO HAHOTPYOKM MHKAICY-
JIMPOBANIN NEKAPCTBO «[aKco» M 3aTeM MO 3JIEKTPHYECKOMY CHIHAITY OCBO-
0oXnama rpys.

OaHO U3 NPEeUMYLLECTB UCMONBL3OBAHUSI HAHOTPYOOK COCTOMT B TOM, 4TO
STO €CTECTBEHHbIE 00PA30BaHUA, HAXONALIMECS B KAKAONW KNETKE, H NO3TO-
MY OHM HE€ MOIyT BbI3BaTb NMOOOUHBIX 3PDEKTOB MAM MHTOKCHMKALMMY.

CTpyxTypa HaHOTPYOOK GblNa M3yYeHa C ITOMOLIBIO HOBOM TEXHOAOIMU
PacceuBaHUs DEHTICHOBCKUX JIY4€H, COBMELLEHHOM C 2JIeKTPOHHO-JIy4eBOH
MHKpockonueid. MccnepoaHusi (pruHaHCUPOBANUCh DAOOM OpTaHM3aLMiL:
HaunoHanbHbM MHCTHTYTOM 300p0Bbst CIA, HauuoHanbHbIM HayYHbIM
00wEecTBOM M JenapraMeHTOM 3HEPTCTHKU.

3onomsie HAHOHACMULBL MOZYM YAPOCUMb QUGZHOCIIUICY PAKOBLIX ORYXOAeH IJ

30/10Tbie HAHOYACTNLbI MOIYT YNPOCTUTb
ANarHoCTUKY pakoBbiX onyxonewn’

AMepUKAHCKME MccliefoBaTeTd W3 TexHonoTHYeckKoro uHCTHTyTa Jxopa-
Xuu U Yuupepcutera KanndopHuu paspaboTany HOBbIH METON NPOCTON M
HANEXHOM AHATHOCTUKM OHKONOTHYECKUX 3a00N€EBaHMIT C MOMOLULIO 30J10-
THIX HaHoKarncyN. [TpHHUMIT AMarHOCTMKYU OCHOBAH Ha CBA3bIBAHMM HAHO-
YacTHIL 30/10Ta CO CNEUMPBHYSCKUMH AHTHTENaMK Ha MMOBEPXHOCTH PAaKO-
BbIX KAeTOK. [Tpy 2TOM HAHOUYACTHIIBl U30ETAIOT 3A0POBLIX KJIETOK, TAKHM
00pa3oM MOXHO «KapTorpadHpoBaTh» OMyX0/ab ¢ TOYROCTBIO HO HECKOAL-
kux kietok. O cBoem HCC/iegOBAaHMM YUeHble COODWIN B XypHane Nano
Letters.

«HanouacTH1bl 30/10TA XOPOLUO PACCEUBAIOT M MTOTIOLAIOT CBET, ~— TOBO-
put npotheccop Mycracha Bne-Calten. — MBIl XOTENH MOCMOTPETH, MOXHO
JIA TIPYMCOEAMHHMTh HAHOUACTULBI K KHUBBIM KJteTKaMm, 4ToObl 00NEerYUTh Bbi-
apreHue paxka. M npoacnae psa SKCHEPUMEHTOB, Mbl NOJAYYMIK MHOTOOO0E-
AIOLIME PE3YALTATHI»,

Y GONBLIIMHCTBA PAKOBLIX KJIETOK HA BCEH MX [TOBEPXHOCTH €CTh GEJTOK,
U3BECTHBIA Kak peuenrop anniepmaibHoro ¢gaxkropa pocta (EFGR), Tor-
Jla Kak 3J0pPOBLIC KJIETKU OOBIYHO HE 3IKCIIPECCHPYIOT 3TOT ONIOK Ha-
CTOJILKO CUABHO.

Konbioraums (vt CBI3bIBAHKE) HAHOYACTKLL 30J10TA C AHTHTEIaMK JIpO-
Tis EFGR, 0o6piyHO HaspiBaeMblMu aHTH-EFGR, nosBosnaa wcenenosa-
TeNAM OBECMEUNTh CBA3BIBAHUE LAHOYACTUL C CAMUMU PAKOBBIMH KIETKA-
MU. «Ecny BBl 100aBUTE PACTBOP 3THX KOHBIOTYPOBAHHBLIX HAHOYACTHL K
300POBLIM M PAKOBBHIM KIETKaZM WM MOCMOTPUTE Ha M300paxeHwe, TO ¢ No-
MOLIBK TMPOCTOr® MUKPOCKONA CMOXETE YBUIACTh, KaK PAKOBbIE KIETKH
3aCHAIOT HEAMKOM, — cOoo0uIMa Dnb-Catten. — 310pOBble KNETKH HE 0CO-
GeHHO CRBS3bIBAKOTCA C HAHOYACTWUAMM, NOITOMY BLI MX M HE VBHUOMTE.
IMpy Tako# TexHYKe €C/M BaM XOPOLIO BMAHA 00OJIOYKA KIETKU, TO 3TO —
pak» (puc. 5.19, 5.20).

HcenenoraTesn OGHAPYXHAM, YTO HAHOYACTHIIL 3010Ta UMEIOT Ha 600%
GoJibliiee CPOACTRO (T.€. CBA3BIBAHHE) C PAKOBBIMHM, YEM CO 3[A0POBLIMH KIET-
kaMH. Jlydiie Bcero paboTany YacTULUb! PasMEpoM 35 HM.

[MpuBRAEKATENLHOCTh HOBOW METOAMKM B TOM, UTO OHa He Tpebyer no-
POTHX MOUIHLIX MHKPOCKOMNOB WIH na3epoB. Bce, YTo HYXHO misi TOro,
4YTOOBI YBHAETH PE3YNBTAT, — 3TO OOBLIUHBIA ONTHYECKMA MUKPOCKOTT U Be-
nas aamMmna.

dpyroe NpeMMyuwiecTBO — B CKOPOCTH TONYYEHHS PE3YabTaToBs. «ECiu
Bbl BO3bMETE KIIETKM TKAHM, TOPAXEHHOA pakoMm, v obpaboracte MX aH-
THTEJaMHU C 30JI0ThiMH HAHOYACTHUAMM, TO PE3Yy/bTaThbl MOXHO YBHIEThb

! Georgia Institute of Technology. Gold Nanopartides May Simplify Cancer Detection
(http://www gatech.edu/news-roomy/release.php?id=561).
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‘ Puc. 5.19. HawouacTius npu-
KPETuTAIOTCS K DAKOBBIM KJIET-
KaM W CMSIOT, OTpaxag Ha-
paBieHHBbI# Ha HUX CBET,
gbreryasd HWarHOCTHKY

| Puc. 5.20. A K 3M0pPOBBIM KIIET-
KaM HaHOYACTULIBI He TIPHCTAIOT

HEMCIAJIEHHO. PaccessHMe HacTOJIBKO CUNBHOE, YTO MOXHO pasrasneTb
KaXOylo vyacTUUy», — pacckasan Bnp-Coalten. EciiM MOXHO pasrisueTsh
KaXaytwo yacTuuy, To, COOTBETCTBEHHO, MOJXKHO VI,U.CHTH(I)MLIHPOBaTb H KaxX-
Y10 PAaKOBYIO KJIETKY. 3TO OTKpBIBAET NOWCTUHE YANUBHTENBHBIE BO3MOX-
HOCTH AMAaTHOCTUKHM METACTA30B U ONYXOJIEH, KOTOPhIE TONBKO HaYyHHAIOT
pPa3BHUBaTbLCII.

Hakoneun, 3Ta MeTOAMKA HETOKCHYHA IUIS dejoBedeckuXx Kiaerok. Cxoa-
Hasl METOOMKA Ha KBAHTOBBIX TOYKaX, KOTOPast UCNOAb3YET MUKPOCKOTHUEC-
Kie TMOIYTTPOBOAHMKOBBIE KPUCTAIIIB] UL MapKMPOBKH KIETOK ONYXOJH,
oracHa IJif YeJIOBEKd, TaK KaK 3TH TOJYTIPOBOAHMKM TOKCUYHBI.

HoBbin Tun PHK-HaHOKancysn uaneyur
oT paka’

Vuenbte U3 Yuusepcurera [Iapabio (CILLA) CKOHCTPYHMpPOBany HOBBIH THUI
HAHOYACTHULL A1 AOCTABKMA NEKAPCTH, C [IOMOILBIO KOTOPBIX Oblfia NPOBE-
JEHa YCTeliHas Teparnis OHKONOrHYecKHX 3aboneBaHuit B 1abopaToOpHbIX
YCNOBUSIX.

' Purdue News: Purdue scientists treat cancer with RNA nanotechnology.

Hogewi mun PHK-nanoxancyn usnenum om paxa |\>

Prc. 5.21. Hanokarcyna, co-
crosguas ni tpex PHK-
CTPYKTYp

Hogble HaHOKAaTICYIb], OCTABMASIIOWIME JIEKAPCTBA BHYTPE KIETKH, COCTO-
a1 u3 Tpex ueneit PHK (puc. 5.21), coeanHEHHBIX APYT C APYTOM B CTPYKTY-
py, HanoMuHawoWywo 1o ¢GopMme tpeyroasHuk. PHK-HaHOKancyasl vMeloT
Takolt paaMep, UTOGb NPOHUKATL BHYTPb KIETKH, @ X CTPOSHUE [O3BOILAET
TIOMECTUTL BHYTPb HUxX uenoykd PHEK, orsevamiume 33 ocTaHOBKY pocTa
pakoBo# xieTkH. KoManna yueHbix, pa3paboTaBIuMX HOBOE JIEKAPCTBO IPO-
THB POCTa PakoBbIX OMyXoJed, HemaBHO nposena TecTsl PHK-HaHowacTMLl
Ha MbilUax M KYJbType KNeTOK ueslopeka. Pe3ynLTaTbl TECTOB NMOKA3aIH, YToO
JIEKApCTBO CIIOCOOHO OOPOTHCH ¢ OBKOJIOTMYECKMMM 3a00NeBaAHUAMMH,

«MonekynapHble CTpYKTYpb! Ha ocHoBe PHK — maeaneroe pelenme o
CO30aHUs IeKapCTBa 0T paka. Boobuie HekoToprie Monexynsl PHK cnoco6-
Hbl APHEKTHBHO SOPOTHES C OHKOAOTWYECKMMH 3300/eBaHMIMH, HO A0 CHX
nop ObLI0 HEBOZMOXHO AOCTABUTL UX TOYHO B DAKOBYIO KJIETKY, — FOBOPHT
uccnegopareab [ledxyan Ty, npodeccop MONekyaspHOH BUPYCONOIMH M3
Yuusepcutera Ilspasio (I'y nposoann uccnerosaHvs no cozsannio PHK-
HaHokancysn coBMecTHO ¢ LIeHTpoM MCCABNOBAMMA OHKOJOTMYECKHX 3abo-
neBaHui B IT9pIbry, KO0 BeTEpUHAPHOI MeAMLMHB ¥ GMOMEIUITUHC-
KOM WHXeHepuu). — B nocneatee BpeMst GONbIUMHCTBO MEIMKOB Ha/leeTcs
Ha TO, YTO HAHOTEXOJIOrMY [IOMOryT JOCTABIATH [IPOTHBOPAKOBLIE ArGHTbL B
knerky. M ¢ nomowsio PHK-Hanokancyn ato 6osiee 4eM BO3MOXXHO».

Panee noxkrop T'y yxe co3maBas pasinuMble HAHOCTPYKTYDLI Ha OCHOBE
PHK. Ilpm u3y4eHHH BUpPaTbHOTO MOTOpa Bupyca phi 29 oH ysHam, yto
PHK dopMupyeT HaHOGAOKM, CITOCOBHDBIE COSAMHATLCS B PA3IMUHbIE HAHO-
CTPYKTYphl. Tak, #3 3TWX HAHOCTPYKTYP CO3MaH CaM HAaHOMOTOP BMDYCA,
pocrapasiowmit ceoto AHK B KiIeTky.
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«C MoMOLLbI0 HAHOYACTHIL AOKTOP 'y CMOT AOCTABUTbL B ONYXOJEBbIE
KJICTKM TPY Pa3NMUHBIX THIIA NPOTHBOPAKOBLIX areHToB, — roBOpUT IKum
Yuwu, yaeHblid v3 Haunoranvnoro uwHcerutyta meanuunnsl CLUIA. — DTo
YHUKaJIbHOS HOCTIXKEHMe, Patee yoaBaioCh JOCTaBMTE TOJILKO OJAMH THI
arcHTas.

I'pynna uccnemoBatened noctpouna u3 moaekyn PHK Heckonsko pas-
JHUYHBIX «MaTpPUL» pPa3MepaMu OT COTEH HAHOMETPOB J0 HECKONbKMX MUK-
pomMeTpoB. TIpH 3TOM WX CTPYKTYpa MOXET ObiTh 3a4aHa, YTO CYLUCCTBEHHO
YIIpOLLaeT KOHCTpyMpoRaHue Oynynmx HaHomawwuH. CaMocBopka wna B
HRHOMETPOBOM MacLITabe, HO KOHEYRDbIC «[IPOAYKTbD> B PANE OMNbITOB AOC-
THTAJIH 1 MUKDOMETPORBIX Pa3MepOB.

«Hawa pabora noxazara, YTO Mbl MOXEM YTIPABJSITL CTPYKTYPOH Tpex-
MEPHbIX MATPH i, NIONYYEHHBIX C NOMOUIbLIO camocbopku monexkyin PHK. Tlpu
3TOM Mbl MOXEM AeJTaTh MATPUUBI PA3AMUHBIX pasMepoB, — obbsicHsIeT Ty, —
B nanpHeiilueM nocne npoBeNeHUs LOTIOJHHTENBHBIX HCCAEAOBAHUI C MO-
Moulblo Mosiekyl PHK MoxHo OyaeT KOHCTPYMPOBATh CAOXHLIC HAHOMA-
WA HbI».

[Moka uccnenopartenn codpann 3 monekyn PHK «konbua», «rpeyronb-
HHUKHM» U «cTepXHu». McclenoBaresn rosopsiT, UTO 3TH CTPYKTYPbl MOXK-
HO HHTErpHpPOBaTh ¢ HAHOTPAH3IMCTOPAMH, HAHOMPOBOAHHKAMHM, HAHOT-
pyOKaMu, OMOCEHCOPAMU M APYIMMU YXE CYILECTBYIOLUMMHU HAHO-
CTPYKTYpaMH, 4ToObl NOAYYHTH caoxublie HOIMC, BosMoxHO, daxe Ha-
HOPOBOTOTEXHUKY.

TTpakTuyeckoe IpUMEHEHWE B NOCTABKE JIEKAPCTB IOKa HAULIM TOMbLKO
TpeyronbHuku w3 PHK. na Goppbbl ¢ OMYXOMAMH YYEHbIE HAYANK TTOWMCK
Taxux ¢opMm PHK, xotopbie MoryT ybusaTh pakoBbie KIeTKM. B npouecce
uccrnenaosanu#i 6uimm HaiaeHsr Tpy opmel PHK. Hanpumep, siRNA neak-
TUBHDYET OTAENbHbIE TeHbl B PaKOBLIX KIETKAX, Apyrye dparments PHK
NPUCOEIMHAIOTCS K GEIKOBbIM MapKepaM, XapakTepHbIM TONBKO ISl paKo-
BbIX KJIETOK.

«C momoupio TexHoaorum cuHreza PHK-HAHOCTPYKTYp, KOTOPYIO Mbt
pa3paboTtanu ele NIpH HCCleaosanuy Bupyca phi 29, 6buia cozgana HaHo-
CTPYKTYPR-TPEYTONbHHUK, COCTOsIIAsI H3 TpeX dhparmMeHTOR paznuunbix PHK,
pasMepoM oT 25 no 40 1M», — obbgcuser ganee [y.

YacTulbl, pasMep KOTOphix oKojo 100 HMm, nocTaToyHo GonblUME AN
TOro, 4TOOBl MPOHUKHYTL 4depe3 KJICTO'MHYIO MeMbOpaHy. Bor rioueMy Tpe-
YrOJIbHAKH BACANTbHO MOAXOIAT LA AOCTABKU JIEKAPCTR BHYTPh KITETOK.

«OnHa Y3 0CcOBEHHOCTEN PAKOBLIX KJETOK — 3TC TO, YTO OHU He MEPecTaloT
AennThest. A Monekyna siRNA ocTaHaBnvsaeT IpoLIece ASNISHUA KIIETOK. 3aTeM
MBI [(ONPoBOBaNM HAHOCTPYKTYpY B fenie. M oxazanoch, YTO HAaHOYACTHIIb! CTipa-
BUAUCH € OIYXOJbIC PaKa [PyOH 3a HECKONbKO OHEH», — rosoput [y,

Ho 1 270 eine He Bce. KoMarna uccnenosareneit 10bmnach nosHo# ocra-
HOBKM paxoO0pa3oBaHKA Y NOJOMNBITHON MbILUK. J'0B0OPSA NPOCTHIM S3BIKOM,
Mblllb BbLAEYMAH OT paka.

Harouacmuupr u dendpomepsr nomo2arom KocmoHaemam |\>

«Pe3yabTaTel oveHs obHapexMBalOILME, OAHAKO C/IEAYET NPOBECTH €ilie
HECKONbKO AOMOJHUTENBHBIX MCCACROBAHUNA, MpeXAe YEM Mbl CTAHEM HC-
ONB30BATE HAHOUACTHLE! B KAMHUYECKMX TECTaX Ha JIOAAXS>, — OTMEYAET
[y. YueHbiM HEOBXONMMO WCCIEA0BATL BCE BO3MOXHLIE NONOOHBIE 3hdheK~
Thl OT WCNONBL3OBAHUS HaHoYacTHU. OHA M3 TAKUX HCCREAOBATEIbCKUX 3a-
Jay — NPUCOEANHEHMEe HaHOYaCTHL HEeMOCPEACTBEHHO K PAKOBBIM KJIETKaM,
OCTaBJISIA 3A0POBLIC HEMOBPEXICHHBIMU. OHAKO ydeHsle HANEKTCS, UTO Ha-
HOYACTHUBI B OyAYIIEM PAANKUILHO H3MEHAT TCPanui OHKOIOIHYECKHX 3a-
GosieBAHME M 1TOMOrYT MUJITHOHAM JIIOAEH. :

HaroyacTuubl U AeHgpoMepbl NomMoraioT
KOCMOHaBTaM'

Bckope Hawi r1asza CMOTYT CNYXMTh B KauecTBe MHOTOMYHKLUMOHAIBHOTQ
AMArHOCTHYECKOTO MoHMTOpa. Mccnenosareny uz MuidraHCcKOro yHUBEp-
cuTeTa paspaboTany MeTOAWKY, C TIOMOIIBI0O KOTOPOM MOXKHO «Ha JeTy» yC-
TAHOBHUTDH A03Y PANHOAKTHBHOrO 00IYYeHHA, NIORYYEHHOro YenoBekoM. [lep-
BEIMM MCIBITATENSAMU 3TOFO MeToAa Ha cede GymyT KOCMOHABTBI, KOTOPbIM
HEOOXOMMMO BCE BpEMs! KOHTPOJHPOBATb CTENEHb O0NyYeHMs.

Hccnenosanust o paspaboTke NpocToro, 3¢p@exKTHBHOro, a raBHoOE,
GBICTPOIO MOHWUTOPHHIA COCTOTHUA Tela KOCMOHAaBTa (DUHAHCHDYET B tep-
Byto ouepeab NASA, Komaraa n3 MHUUHMTaHCKOrO yHUBEpPCHUTETA MOJYyuUIa
[PAHT B paMepe 3 MIH JOJUL. HA MPOBEAEHME COOTBETCTBYIOLLMX HCCIeA0BA-
HUii. PaboTbi 110 MOHUTOPUHTY COCTOSIHMS KOCMOHABTOB BEJUCH Pa3HbIMU
KOMAHIAMH JaBHO. '

B 2000 r. paznuuHele KOMAHIBL YUEHBIX PaspaboTaiv P HAHOHACTHLL,
comepAI@WIX QIYOPeCLUEHTHBIE BELIECTBA, aKTMBUPYIOLIMECA B TOM Cly4ae,
ecy CTelerb 00NydeHMs OpraHi3Ma Obta Benmka, PaccKaxeM noapodHee o
TIPOULIBIX AOCTHXKEHUSIX MOHWTOPMHIA, YTOOLl OBUIO MOHSTHO, 4TO NpPHIY-
MaJId B Mu4MraHckoM YHHMBEPCHUTETE.

«HaszHaycH1e HaHOYACTHL — NPEACTABXTL HOBBINA THIM TEPANWM, KOTOPas
COCTOMT B NPOHUKHOBCHHWH B OTAC/NbHbLIC KJIECTKH AAS WX BOCCTAHOBICHMS
¥ny M30aBAEHWA OT HMX, €C/M OHW CAMIIKOM (OBPEXACHDLI», — OACHUN
[xedmc JTApM U3 MEAMUMHCKOH BETBH TeXacCKOTO YHMBEPCHTETA, YUeHbIe
Dxeiimc Jlupu n Criusen JInoin 803rMABNSIOT MCCACAOBAHHA B 00J1aCTH Ha-
HOMEIULMHE C HCMOABIOBAHUEM HAHOUACTHL. Bmecte ¢ nuMH pabGoralor
Maccyn Mortamenu (Texacckmit ynusepcutet), Huxonait Kotor (YHupep-
curetr Owaxombl) ¥ FKOpuir JTsBoB (YHuBepcuretT JlyuanaHbl).

Mx npoekT dokycupyercst Ha npobieMe, 61u3koit K npobieMaM OHKO-
NOrMYecKux 3ad0sieBanui. BonbluKe M03bl pagUalvy MOAYHaloT aCTPOHAB-
Tol, paboTas B Kocmoce (0COBEHHO ecu OyayT NUIOTHMpYeMble NOJETHL Ha

! University of Michigan: Molecular Biophysics and Bioengineering
Nanotechnology-Now: Astronaut’s eyes may become windows on the bloodstream
(10 mexadps 2004 r.).
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JlyHy nau Mapc), Tak Kak OHU AMWAIOTCA €CTECTBCHHOTO 3aMTHOMD «30H-
THKa» — MarHHTHOro nois 3emnn. Jake creunanbyHo pa3paboTaHHble Ma-
TepHaNbl HE MOTYT INTONTHOCThIO W30AUPOBaTh KOCMOHABTOR OT BbICOKOSHEP-
reTMYeCKO# KOCMMYECKOW paamaumyu. HacTHlbl € BLICOKOH 3HEPIUCH
NPOHMKAIOT B TeJla aCTPOHABTOB U, KAK MUKPOCKOMHUYECKHE MYJTH, NOBPEX-
JAIOT BCE MONEKYNb! Ha cBoeM myru. Koraa AHK kneTku nospexnena ra-
KuM oOpasoM, kiaeTka paboraer ¢ HapyleHMsIMU, YACTO TIPUBOASILUMMY K
06pa3oBaHKMIO DAKOBBIX oIyxoneH (puc. 5.22).

Prc. 5.22. BricokoaHepreTi-
yeckafd KOCMHYecKasi paama-
UHA MOXET TPaBMUPOBATH
AHK # cnoco6ersosars pa-
KOOOPA30BAHUIO Ha KIETOM-
HOM YPOBHE

«DTO OueHb BaXHAs npobGaema, — rosopuT Jupu. — Ecnu moay cobupa-
IOTCH JOJIFOBPEMEHHO JXKMTb B KOCMOCE, Mbl JOJDKHBI 3HaTh, KAK MOXHO MX
3AUMTHTD OT KOCMHYECKOH panMalyp». YUYEHbIE pelIwiu, 410 OprasuiMm
ACTPOHABTOB AOJDKEH CaM CONPOTHBAATECA IAMMAa-H3IYUEHHIO, MOTOMY YTO
pa3paboTKa BHELIHUX 3KPAHHPYIOUIMX YyCTPOHCTB He NPHHECHa 0XWI2eMOro
addexra.

OnHo u3 pewleHHE 3Tol npofnembl — UCIIONb30OBaHKHE HAHOUACTHIL B
KauyeCTBe TMOCPEAHMKOB MEXAY OONBHBIMY KNETKAMH M YCTPOHCTBAMU MO-
HUTOPMHTA. DTH KAIICY/bl AN JOCTABKM JIEKAPCTB OYEHDb Mafbl, pa3MepamMu
BCEr0 HECKOJIbKO COTEH HAHOMETPOB.

Ipocrasi NOOKOXHAS MHbEKUMA MOXeT JOCTABUTb THICSYN MM MUK~
OHbl ITHUX YaCTHL( B KPOBEHOCHYIO CUCTEMY NALMEHTA. TPUINUOHDI KAETOK B
4eJI0BEYECKOM Tesle MAEHTM(DULIMPYIOT APYT APYTa U NepeaaioT coobLIeHH s ¢
IIOMOLUBIO CJIOXKHBIX MOASKYJ, HAaXOASUIMXCA B X MEMOpaHax. OTH MOJeKy-
Nbl BEUCTBYIOT KaK Xumuueckue «dnarv» Ang CBIA3K C ADYTHMMH KIETKAMM
A KAK XMMHYECKUE «BOPOTa», KOHTPONMPYIOILHE MOCTYIUIEHWE B KIETKY
MOJIEKYJl U3 KPOBOTOKa (HalTlpuMep, FOPMOHOB).

Hanowacmuye: 4 GeHOpoMepbi nOMO2arom KOCMOHAEMAM \)

Prc. 5.23. [pyxcnoiiHas Mem6pana (cripaBa) OTAENSET COAEPKHUMOE KNETKH
OT BHEIIHETO OKPYxeHHUA. CoXHbIe MONEKY/bl RO BHEUIHEM CTIoe
MeMBpaHbl KOHTPOJMPYIOT B3AUMOAEHCTBIA ¢ APYTHMH KIETKAMU

KoTaa KIeTKa OBPEXAAETCH TaMMa-M3nyHeHHeM, OHA MPOU3BOANT Map-
Kep — onpefejeHHbIf Ki1ace Gekos, Ha3BAHHBIH «CD-95», v momeluaer
UX Ha BHEILUHe# moBepXHOCTH MeMGpatbl (puc. 5.23). «DTo Noxoxe Ha To,
4TO KNeTKA FOBOPUT APYTO# — f TIOBpEXAeHa», — ckdzan Jlupu.

Ecny TOMEeCTHTh HAa BHELUHIOI TOBEPXHOCTh HAHOYACTHIL MOREKYIIHL,
cnocoBHble NPUCOSAMHSTECA K GelKoBbIM MapkepaM «CD-95», To yueHble
CMOTYT «[IPOrPAMMMPOBATE» HAHOYACTHLLI U1 FIOUCKA KJIETOK, TIOBPEXACH-
HBIX PaQMAaLME, 1, BO3MOXHO, WCIONB30BATL HAHOYACTHIIB! A JOCTaBKK
COeUMATbHbIX BOCCTAHABITMBAIOIIMX 3H3UMOB K OTACALHBIM KIETKAM.

YenoBeYECKHii OPTraHM3M W APYTHE OPTaHW3Mbl MMEIOT ECTECTBEHHbIE
SH3UMBI, CHIOCOBCTBYIOLIHE BOCCTAHOBACHHIO (penapauny) JHK, npas-
1A, HEXOTOphIE U3 HKX paboTAIOT MYUUIS, HEKOTOPHIE — XYXe. «Cyiuecrsy-
0T OPraHMU3Mbl, KOTOPblE MOTYT BHIEPXNBATh GOMbLINE AO3bI PAAHALIMH,
YyBCTBYA CeOA IIPH ITOM YAOBIETBOPUTENBHO», — TOBOPUT Jinpu. Uasyuas
ITU eCTECTBEHHbIE MEXaHW3Mbl BOCCTAHOBNEHUS, YYEHBIS NOJYYAT BOJ-
MOXHOCTb CKOHCTPYMDOBAaTb TAKHE 3H3MMBI, KOTODbIE MOTYT BbITh LOC-
TABJEHDBI C MOMOLLBIO HAHOKAICYI.

Komanaa JIupy M3ydaeT TaKkKe Criocobbl NPUCOEAHHEHWA (yOPECUEHT-
HBIX MOMEKY/ K [TOBEPXHOCTH HaHOYacTHL (puc. 5.24). OHu MOryT GBITb MC-
[ONB30BAHEI [N OTOOPAXEHVS OTIPEAAEHHBIX CTYTIEHEH IpoLEcca 3apaKe-
HUA M BOCCTaHOBAEHMA. JNA pasHbIX CTYITeHe# MOXHO OyAeT MPHUMEHATDH
pasHble LiBeTa. DTH QIyopecLeHTHbIE METKH CMOTYT obecneduTh MOHATO-
PHHNI HaHOYACTYMI, BHYID¥ TENa.
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Puc. 5.24. CTeHKM HAHOKaNCyAbl pacTBOPSIOTCH, BOHpas BHYTpb (ryopec-
UEHTHOE BeltecTBO. [ToR0o6HbBIE HAHOYACTHLLI MOTYT ObITh cAena-
Hbl U3 psiia «CaMOCOOHpacMBIX» NOAWMEDPOB, TAKWUX, KaK TeJUTypHI
KanMus

Bce anemMeHThl 3TOH Maen npeactaBieHbl noposHb; JHK-penapaunor-
HbI® 2H3MMBbI, HAHOYACTUUL!, (OAYOpeCUeHTHBIE METKH. 3ajauya B TOM, Kak
00BEAMHNTDL 3TO B OAHO padoTaiolliee YCTPOMCTBO.

«T0 04eHb TpyaHas npobiaeMa, ¥ Mbl HECTIOCOOHBI PaspelunTh €€ JaXe
3a TPU roja — cpoK OPMHAHCUPOBAaHHMA NpPOeKTa. MB!I noka nblTacMcst oT-
KDBITH HOBBlE ODJIAaCTH 3TOH HAyKH, a 2TO camo Mo cebe Gonbluoi npo-
rpecc, — TOBOPHUT JIMpHU, — HO Hall MHOFUM €l(e NpPUAETCS Topa-
GoTaThy.

Yepes ueThipe roaa nocie usbickannit Jxetivca Jlupn komanaa Muun-
[aHCKOIO YHMBEpPCHTETa nocTasuia cebe Hosee TPUBUATBHYIO 3afavy. mMap-
KWpOBaHME JICHKOLMTOB, MNOCTPAAABIIMX OT raMMa-U3JIyUCHHsl, NPOCThIMH
dryopecueHTHbIMU HaHOYacTHUaMU, CyThb TEXHOJOTMM MPOCTa: NAUBEHTY
BBOISIT PAaCTBOP HAHOYACTHLI, KOTOPbIE COEMUHSAIOTCS C JEHKOUUTAMM, 110-
CTpanaBUIMMM OT BO3NCHCTBUS paauatmu. danee, o6ay4uag ceTyaTky riasa
BBICOKOYACTOTHBIM Ja3€PHBIM JIYYOM, HA UMTOMETPE MOXHO OyaeT MOACYH-
TaTb KOJAWYECTBO NEHKOLHMTOR, COMEPKALUMX METKH-HAHOYACTHIIBI, U IO MX
KOJTWYECTBY YCTAHOBUThL, MACKOJNBKO CEPLE3HYIO0 O3y OONYUEHUS NOTYYHN
KOCMOHABT,

HanoyacTuusl, npemioxeHusie nokropom JxeitMcoM bapkepom, mnpen-
CTaBIAIOT COBOI NeHAPOMEPDl, K KOTOPBIM UCCIEA0BATENHN [TIPHKPEIIILIM MO-
JIEKYNILI C BHICOKOHM CTEIEHbIO afre3ny Kk 6oabHbBIM NeifkouuTtaM u ¢uiyopec-
LIEHTHBIE MOJIEKYNbl KPACHTENS (pHC. 5.25).

Tenepb KOCMOHABTY H¢ HYXHO OymeT JaXe ClaBaTh KpPOBb Ha aHAIM3 —
CTeneHb 00NYYEeHHS MOXHO Y3HaTL C MOMOLUbBIO JIa3epHOTO CKaHepa, KOTO-
Dblil, CKaHUPYS COCYAbl CETYATKU, CUMTAET KOAWYECTBO (DIYyOpECLIEHTHAIX
METOK B MPOTEKAEMOHN depe3 COCYMbl CETYaTKU KPOBU.

FDA gasna nano nood yvem I\)

\

. SpHTPOUNTH Aprepnu cetyatxu

: Numdountol

: JIMMOOUNTH, NOMEYBHHbIE
HaHO4acTMLaMA

Puc. 5.25. [IpHHUMI 0eHCTBUSA HOBOIO METOAA, MCITONB3VIOLNETO ACHAPOMEDHI

HoBriit wiromeTp, cnocoGHbli CHHTATh KOJHYECTBO BCMBILEK OT (yo-
PECLIEHTHBLX 4acTHLL «Ha JieTy», Obl1 NocTpoeH npodeccopoM Teomopom
Hoppucom W3 KOMamaLl MccienopaTesei,

B nipexnonaraeMoM MmyTeILeCTBUM TUIIOTHPYEMOTo Kopabist Kk Mapcy oz
NPOBEAYT OKOJ0 ABYX JIET, MOCTOSIHHO MOJNyYast 403kl paadauuu. «B NASA
CKazallH, YTo GONBLIUMHCTBO M3 KOMAaH/bi KOpaGAs MONMy4uT GUiieT B OMMH
KoHell, — nofgyepkHyn Hoppuc. — [ToatoMy eciiu komaHAa He GYIeT Noab3o-
BaTbCST METORAMM DAHHEH HMATHOCTHKM JYYeBO# Boe3HM, HAa 3eMI0 MOXET
HUKTO HE BePHYThCH».

ViccnenosatefiiMy yxe TIPOBEAEHB! SKCNEPUMEHTHI Ha MBIUAX, B XONe
KOTOpbiX Oblla MPOAEMOHCTPHPOBaHZ PMEKTUBHOCTD AEHUPOMEPHOTO MO-
HUTOpMHra. Kak roBopsIT y4eHble, MM HEOOXOMMMO €ule ABa Tofa, YTobbl
chenaTh paboTOCNIOCOOHYI0O METOAUKY AMATHOCTMKM JUtS YesloBeKa.

FDA B3sina HaHo nog yuer'

AMEPUKAHCKAA aIMUHUCTPALIMA [MLLEBBIX MPOAYKTOB W nekapers (FDA)
3aHVMACTCA JIMUEH3HPOBAHMEM LUMPOKOIO CEKTPA TOBAPOB (THIUEBHIE I1PO-
HYKTBI, KOCMETUKA, JIEKAPCTBA, arnnapaTypa 1 BEeTEPUHAPHA), a TENephb 3aHsi-
Jlach M HaHOMAaTEepUATAMH.
FDA oripenesnwia HAHOTEXHONOrMM KaK OTPACTb pa3paboToK W Uccaeno-
BAHNH, PEryIMPYEMYIO MO CIACAYIOIUMM NPUUMIIAM:
¢ CYUIECTBYIOUIHE MATEPUANTLI MMEKOT aTOMHbBIM, MONEKYIAPHbIA M MaK-
POMONTEKYASIPHBLI YPOBHU, KOTOPLIC pa3MepoM U (DyHKuUMEH JieKapCTB/
YCTPOHCTB yKnanpBaoTcs B UKany ot | ao 100 HMm;

' National Nanotechnology Initiative: FDA regulation of Nanotechnology Products.
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¢ H30DpeTeHMsT M UCNOJAB3YyEeMblE YCTPOMCTBA, alnapaTsl U CHUCTEMbI

001aal0T HOBBLIMHM CBOMCTBAMM BBUXY MX MTBIX PA3MEPOB;

® HAHOCHCTEMb! M HAHOMATEPHUAIB UMEIOT CIIOCOOHOCTE KOHTPOAUPO-

BaTh MATCPUIO U MAHUNYAUPOBATh €10 Ha ATOMAPHOM YDOBHE.

C yny4nieHyeM TepaneBTUYECKUX CPEJCTB ¢ MOMOMIBIO HAHOTEXHOMOTUH
CTaHET BO3MOXHOM, HalpUMEP, JIOCTaBKA JIEKAPCTBEHHBIX CPENCTB K OTAEb-
HbIM KJIETKaM opraHusma. B 3T0#f cuTyalmu OTBETCTBEHHOCTH 33 HAA30pOM
Haj TakMMKU rpoaykramMy Oeper Ha ceba Office of Combination Products.
CopeficTBOBATE PETYASUMM TIDOLYKTOB HAHOTEXHONIOrMM Byler areHTCTBO,
ccopmupoBanroe u3 NarnoTechnology Interest Group (NTIG). Exexsap-
TanbHbie KoudepeHuur NTIG cranyT adheKTHBHBIM CPEICTBOM OBLIEHNS
MEXIy LEHTpaMmH.

BonblUMHETBO LEHTPOB TaKOKe MMEIOT pabouyie rpyniibl, KOTOPbIE yKpErl-
JISIIOT CBSI3W MEXIY pa3fWyHbIMM MOApA3feNeHusIMA. OHWN pacuIMpsaioT Kpyr
NPOAYKLUW, CBA3AHHOM C HAHOTEXHONOTUAMH, KOTOPHIE PeryAupyioT dene-
panbHbie areHTcTBa. LLIMpoTy cnexTpa AaHHON MPOXYKLUMM, KOTOPYK COOU-
paetcs perynuposaTe FDA, nokaxer 6ynyluee.

Hnst Toro yrobbl NMOHATh, Kak FDA coGupaercs pery/iiMpoearb priHOK
HAHOIIPOAYKTOB, IPOYTUTE 3TOT JOKYMEHT:; FDA regulation of Nanotechnology
Products.

«levaTHbIil cTaHOK» U akcnpecc-aHanu3s AHK'

Kak B cBOE BpeMs NeHATHBIA npecc O0XKWIT Hayano 3pbl KHUIONEUATAHHS,
TaK W B Halue BpeMs pa3paboTaHHas UCCHEA0BATENIMU U3 MaccagyceTckoro
TEXHOJOTHYECKOro MHCTHTYTA (MIT) TexHonorua HaHoOeyaTH («nano-
printing») NTO3BOJIUT HA%¥aTh MacCCOBOE MPOM3BOACTBO HAHOYCTPOMCTB U 6no-
yumos Ha JJHK-ocHoBe.

OnvH 13 NepBLIX KAHAHAATOR HA POJb OYOYUIErO MACCOBOTO MEYaTHOTO
npoaykra — JHK-maTpuusl ans aKcnpecc-AHarHOCTUKM PadTUYHbIX 3360-
JesaHuit. Tak, Harpumep, donesub Ansurciimepa win CITHUI B ananuse
NalMeHTa MOXHO Oy/IeT ONPeaeauThb ¢ noMolusio JIHK-61ouuna 3a HeckoabKo
MMHYT. DTH 2KCMpecc-aHATHU3ATOPbl MOTYT BCKOpe TMOABUTHLCA B GoNpHuMLAX
0J1aroAaps JSLIEBOMY ITPOM3BOACTBY 3TUX AHAIMIATOPOB € NMOMOLIBI) TEXHO-
JIOTUA «ITEHATHOTO [TPECCH».

HeobxoaHMMOCTb B TEXHONOTHW JELIEBOr0 MacCOBOIO IPOM3BOACTBA Ha-
HOYCTpPOICTB nosiBuAach ¢ OTkpuitHeM nepsoro JHK-aranusaropa wa oc-
HOBE MUKPOXHMAKOCTHBIX cucTeM. K coxaenuio, Bce 6€3 HCKTOYCHHS Me-
TOB! IPOU3BOACTBA HA CETOAHALIHUI AEHD HE MOLYT rapaHTUPOBATL HYXHYIO
TOUHOCTb U3TOTOBACHUS TTPU NMpousBoAcTee H3MC B Sonbilupx KonuuecTpax,
a eCiIM TOYHOCTh COG/IONAETCA, TO CTOMMOCTB NPOM3BOJACTBA CYLUECTBEHHO
BO3pacTaer.

' Nanotech-Now: New technique may speed DNA analysis (http;//www.nanotech-
now.com/news.cgi?story_id=09664).

«llevamnsid cmanox» u anenpece-ananus JHK |

Yuenvre u3 MIT He CTanM BbULYMBIBATD HUYETO HOBOFO, 4 B3SIM 3a
OCHOBY CBOCYO <«NEUATHOTO MPECCA» YXE CYUICCTBYIOLLYIO B MPUPOLE TEX-
Honoruto konuposanns JHK u PHK. Kak ckasan npodeccop Cremnauun,
PYKOBOAUTE/Nb HCIICAOBAHIE, «NPUPOIA NPUAYMATA CaMbII 9 deKTUBHBIIH
METO/, IeYaTaHsl HaHOCTPYKTYpP HA Npumepe AyOauxauuu monekysn JHK».
HoBeiil METOR MCCNenoBaTe/IM HA3BAIH CYNIPaMONCKYNAPHBIM HAHOMEYATa-
#ieM (Supramolecular NanoStamping — SuNS). On cocTOMT B Tom, 4TO
uern IHK, naHecenHbie ClielIMaNbHBIM 00Pa3oM Ha MOMLTOXKY, GbopMupy-
I0T TaKYl0 XE MaTPHLLY M3 KOMIUIEMEHTAPHBIX UM LieNeil Ha ApYroi maTpu-~
ue (puc. 5.26). IIpotece MpocT, ¥ ero MOXHO HOBTOPHTh HEOTPAHMYCHHOE
4uCio pas. [1pu 3ToM NolyueHHas CTPYKTYPa MMEET Ty Xe reOMETPHIO, YTO
1 AHK-opurunan.

Pac. 5.26. Martpnua JHK-touek, M3rotosaenHad Mo SuNS-TeXHONOrHH
(kaxnaas aameTpoM okono 200 um)

OxnHO 13 Takux yerpoiicrs — JHK-MaTpuupl, yxe UCIONb3YeMbIE IS
ananusza JJHK denoreka. Ha maneHpko#t CTEKISHHOM NoOMLIOKKE pacno-
noxeHsl oxono 500 000 «rovex», conepxawmnx monexyinr JHK. Oanaxo
CTOMMOCTEL TAKOH MATPULIB! JOBOJBHO BHICOKA — 0KOJO 500 mosi., U aust
ee co3naHna HeoOxoanmo nponenarh 400 ornepaunit no Hanecenuo JHK-
Touex. Ecrectrenno, uro Takas JHK-anannsupyromas cucrema He NnoJb3y-
€TCA CIIPOCOM H2 PBIHKE MEAMMMHCKOMA 3KCIPECC-AMarHOCTUKH «Ha XaX-
AbIA AEHB».

MostoMy 3asBnenus yuenpx n3 MIT BCEASIOT ONTUMMU3M: OHM YTBEpX-
JAI0T, YTO MOTYT CO3IABATh TAKOM KE MacCUB BCEro 3a TPU MPOH3BOACTBEH-
Hpix onepaunyd. M cTouTsh rotoseit npomyxr Oyner menee 50 momwn. «Haia
TeXHOJIOTHA MOXET MOMHOCTHIO UBMEHHThL CHCTEMY AMACHOCTUKM 3aboseBa-
HUN 1 3Kenpecc-aHanusuposauua AHK, — rosopur Cresrayyn. — Brictpas
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AMArHOCTHKa Takux 3abonesanui, kak CITM, renaruT u Donesub Anburei-
mMepa, cTadeT OOLIMHOW pYTHHHOM 3anauei».

Jpyroe NpeuMyLiecTBO STON TEXHONOIUM COCTOUT B TOM, HTO KPOMC AM-
arHocTHKHM 3a60NIeBAHUS Bpay-IUArHOCT CMOXET MOAYYUTE O HEM CaMylo
ZeTalnbLHyo nHdopMaluio. «Yem Bosblue Mb1 SyneM aenats JIHK-Matpuu u
yeMm Gonblle OynemM aHaNHU3MpOBaTh 3a00/MeBaHMit, TeM GOADLLIE MBI O HUX
y3HaeM», — roBopuT CTes1avyiu.

TexHonoruss SUNS moxer 6bITH NONE3HA He TONLKO B IMArHOCTHKE GO-
nesHeit. Ha ee OCHOBE MOXHO TMPOM3BOAWTL HAHOCTPYKTYPLI M3 META/UIOB
MW NOAYIPOBOAHHKOB NPAaKTUYECKH OG0 AByMEPHOA reoMeTpui. Takxke
Ha ee OCHOBE MOXHO ACLIEBO MPOU3BOAMTH B OOIBLLLIOM KOAMUECTBE HaHO-
XUAKOCTHBIE CUCTEMBI, OQHOICKTPOHHbIE TPAH3NCTOPB], ONTHYEcKUe GHOo-
CEHCOpbl 1 HAHOMPOBOAHHKH.

Mo3r Ha HaHonpoBogHukax'

[IpeacrassTe cefe, uTO uepe3 BalUW apTepvy BpadM NPOBOAAT TOHKME Ha-
HOTMPOBOAHMKH, KOTOPbI€ AOCTHIAIOT [OJOBHOrO MO3Ia, YCTaHABIMBas MO-
HUTOPHHIOBYIO CBSI3b C HMM. 3a4eM 3TO HYXHO? [N AGYEHUS M AMArHOCTH~
KU pasaudHBIX 3a00aeBaHM#t, Hanpumep 60ae3Hu [TapkuHCcoHa unn Anburei-
Mepa, TOBOPST MCC/ieNoBaTeNnd U3 MaccauyceTCKOro TEXHONOTMYECKOTO HH-
crutyra (CLLA).

YueHblH B 0GnacTu HeitpoHayk Pynonbde JlniuHac u ero koanern npef-
BUAAT, YTO € MMOMOUIbLIO MOAOGHON npouemyphl MOXHO OyaeT NOAy4daTh WH-
¢dopMaLMI0 B PEATEHOM BpEMEHMW O pa3fJMYHLIX OTAENaX MO3ra TalMeHTa.
TeopeTH4yecKH MOXHO OYIET «MOA0OPATHCSI» K OTAEAbHBIM HEPBHBIM Y3Nam
Y Jaxe KIETKaM MO TOHKWM KPOBEHOCHBIM COCYAaMm.

B nionvckoM Brinycke «XKypHana vccaeaopaHus HaHouacTuus 2005 r.
yUYeHble TIOSICHAIOT, Kak OyaeT npoXoauTh Npoueaypa MMNJAHTaUMY Ha-
HOCTPYH. B oaHy w3 kpyrnueldwunx aptepuit 00JpHOr0 BBOLMTCH KareTep,
yepes KOTOPbIA NMyYOK HAHOCTPYH MPOHMKHET B KPOBEHOCHYIO CHUCTEMY
(pnc. 5.27). Tak KaK X DHAMETD MCUMCIISICTCS HECKOIbKUMHA HAHOMETPA-
MM, B TO BPEMS KaK JAMAMETP CaMbIX TOHKHX KaNWIsIPOB COCTaBIACT HE-
CKOSbKO MAKPOMETPOE, TO HAHOCTPYHB! HE CMOTYT OMELLATL €CTECTREH-
HOW UMDPKY/ISTLIMK KPOBW, NEPEHOCY Ta30B K TPAHCNOPTY HYTPHUEHTOB. [loToM
«HaHOOYKET» TIPOBOAMNTCSA HEMOCPEACTBEHHO B MO3T, TAE OTAENbHBIE Ha-
HOCTpYHbl PacipefelIioTe Ha nepegavyy MH¢pOopMalLKWW OT PasiWyHbIX
YUACTKOB [OJIOBHOTO MO3ra.

Hns noarsepxaeHus HOBOILO METOAA LMACHOCTUKM YYE€HBIE TIOCTa-
BMJIU PAA 3KCHEPUMEHTOB C XMBbIMH OOpa3uamy Tkauyu. MM ynanocs BeecTH
TLIATWHOBBLIA HAHOIPOBOL MO KPOBEHOCHOMY COCYAY M C €0 NOMOWIbIO TI0-
JlyuaTb CUTHAILI OT HEPBHBIX KJIETOK, JIEXKALWMX OKOAOQ KAMMINISIPA.

! Nanotech-Now: Wiring the Brain at the Nanoscale.

Mo3ze na nanonpoeodnurax I@

Puc. 5.27. IMpouecc uMnnadTauuy HaAHO3OHAA

Kax rosoput Pynonbde JInuHac, coBpeMEHHBIE METOMB AMArHOCTHKH
MO3ra (TOMOIrpadus ¥ MarHUTOPE30OHAHCHAS AMATHOCTUKA) HE AAKOT MONHOM
MH(OPMALIMKM O TEX SNEKTPHYECKMX MPOLECCAX, KOTOPLIE NPOUCXOAAT B TO-
N10BHOM MO3re. K eCTECTBEHHO, OHM HE MOTYT BLIAENHTb M3 OOMIEH KAPTUHbI
CHTCHAJLI OT HEPBHOTO Y3I14, HE rOBOPS yXKe 00 OTAeAbHbIX Ki1eTKax. «[103To-
MY MBI DELIMTH NPEIIOKHTL METOM, TO3BOASAIOLIMI H3Y4aTh MO3I" HA YPOBHE
OTAENIbHBIX B3aMMOACHCTBHI “Heillpon — nefipon”. Tlpi aTom BHeapeHue
HaNO2/EKTPOAOE BYET HeTpAaRMAaTHUHBIM», — roBopuT Maiikr Poko, npen-
ceaareb HaumonansHoit wHvunatiee CLIA B 061aCTH HAHOTEXHONOTHH.
Kak okaszanoce, Poxo Toxe 3aUHTEPECOBAH 3TON NMPO6NEMoli u HabJtoaaer
3a NOCTIKEHHUSAMU y4EHbIX.

C NoMOWBI0 HAHOBJIEKTPOAOB TAIOKE MOXKHO GYET IOCHLLIATh B MO3r
SNEKTPUIECKHUE CMTHABI, YTO JAET HAMCXKAY HA H3NeYeHUe Takux 3adosena-
Huh, Kak 6onesns IlapkuucoHa. ToapbKO BOT KaK 34aCTaBUTh HaHOTIpOBOA-
HHK MDOHHKHYTh B CTPOTO OMIPEAEREHHBIE OTAe/bl FONOBHOro Mo3dra? fas
STOTO YUCHBIE [PEASaraloT UCMOAL3OBATh [TONUMEPHLIH HAHONPOBOAHMK,
KOTOpbiit M3rHOAETCA B 3aBUCUMOCTM OT TONAHHOIO HA HETO HAMPSLKEHMS,
Tak, creast 3a UMILUIAHTOM ¢ MOMOLIBIO TPALMLMOHHBIX METOAOB AHArHOCTH-
KM, Bpa4 CMOXET HAMPABHTL HAHOMPOBOA-30H HEPE3 KANMANADD! B UHTEpE-
CYIOLUME Bro MECTa rOIOBHOTO Mo3ra. HaHonposoaHMKU-1ToanMeps! B 20 pa3
TOHbWE UIATUHOBBIX, 4 3TO 3HAYMT, YTO C MX MOMOUIBIO BPauY CMOXKET A0-
Oparthbcs 0O OTAENBHBIX HEPBHBIX KIETOK.

«DTOT HOBBIH KJ1aCC HAHOMATEPUAIOB XADAKTEPH3YETCsS BONbUIOH CTere-
HBIO CBOGOABI (IPM AKTUBALMH NoAUMEPA 3IEKTpHuecTBoM). M cosmamue
YTIPABJIAEMOTO FMOKOrO HUMILIAHTA CTAJO BO3MOXHBIM TOABLKO Graromaps
HaHOTEXHOJOIHsiM, — TOBODMT ONXMH W3 HCCaeloBaTencit MaccayyceTckoro
TEXHONIOIHUECKOTO MHCTUTYTAa. — Tak 4TO He MCKIIIOYEHO, UTO B CKOPOM
BPEMEHHM y Bpaueil MNOSBUTCA HOBBIA HEHPONHCTPYMEHT, KOTOpBIA GyneT
AKarHOCTUPOBATh M EYMTH 3a00NIEBAHUN FOJOBHOIO MO3ras.
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Mup marepuanos
¥ TeXHONOTui

IOpreH AneTmaH dopmat 60x90/16
Mepennet

BoeHHbie HAHOTEXHONOIruKn 06bem ok. 250 cp.

B CBR3N ¢ yXe TNONy4eHHbIMU DEBONIOLUMOHHBIMWA pe3ynbrataMi B
HaHOTexHonorvun (HT), MHOMMe CTpaHbl PasBepHYNM OBWMPHbIE HAY4HO-
UCCNefoBATENbCKNE NPOrpamMMbl B aTOW 00NacTh, KOTOPLIE NOKa HOCAT, B
OCHORHOM, MUpHbI# Xapakrep. OHAKO BCe Halle NOABAAIOTCS COOBLIeHMA 0
BOEHHbIX nporpammax HUOKP B HaHOTEXHONOMMM (STO OCOOEHHO 3aMETHO Ha
npuMepe NpasBuTensCTBEHHLIX Nporpamm CLUA). Mpennaraemasa knvra asna-
@TCA NEPBbIM CKCTEMATAYECKUM W CPABHUTENbHLIM O0030PCM BO3MOXHBIX
BOEHHbIX NPUMeHeHMiA HT.

B TeveHne Gauxaiilumx OBYX OECATUNETWIA 3T TEXHONOTMW MOryT ObiThb
WCNOJB30BAHBI B NPOU3BOACTBE CBEPXMANbIX KOMMBKITEPOR, POBOTOB, Paker,
CNYTHWUKOB, CUCTEM 3aNyCKa W ardukos. HT MOMyT nMpvBECTU Takxe K co3ga-
HUIO BoNee nerxmx (M 0AHOBPEMERHO B0oNee NPOYHLIX) MaTEPUANoB, KOTopbIg
HanayT NPYMEHeHVe B NPOM3BOACTBE OOEBON TEXHUKK W OPYXUA, UMMNAH-
TaTOB (BBOAMMBIX B OpraHuaMbl CONAAT), HOBBIX TUMOB CTPENKOBOrO BOOPY-
XeHna (Be3 wenonL30BaHUS METANNOB), aBTOHOMHbIX BOEBLIX YCTDOWCTR, a
TaKXe BONEE NOPTATUBHBIX CUGTEM XUMUHECKOTO N BNONOTIYECKOTO OPYXMA.

B npeanaraemom 0630ope 3TW MOTEHUMANbHLIE BO3MOXHOCTW NPUMEHEHMS
HT paccmatpuBaioTcs ¢ TOUKM 3peHud npobrem MexAyHapopHon Hesonac-
HOCTU U HOBLIX KPUTEPMEB KOHTPOAS HA BOOPYXeruamu. OBCYKAaI0TCa Takxe
BONPOCHI MEXAYHAPOAHOrO NPaga W HOBLIX YrPO3 YCTOWYMBOCTV MUPOBOID
C00BLIECTBA, CBS3AHHBIX C BO3MOXHON FOHKOW BOODYXEHWA B 3TOK 00nacTy,
NOSBNEHWA HOBLIX TUNOB OPYXMA, ONACHOCTY OAS FPAXOAHCKOrO HACENEHNS W
0O0WECTBEHHON XN3HW. ECTECTBEHHO, HEKOTOPLIE BO3MOXHbIE DE3Y/LTAThI
PA3BUTUA HAHOTEXHOOMMIA HACTONBKO TECHO CBA3aHLI ¢ MUPHLIMA NPUMEHE-
HUAMM, 4TO UX HEBO3MOXHO OTAEANTbL OT BOEHHBIX (HanpuMep, B paspaboTke
komnsoTepoa). C Apyrol CTOROHLI, REKOTOPLIE Pe3ynbTaTy {Hanpumep,
MPOM3BOACTBO OMOAATUMKOB ANA PErncTpauMu Cpeacte Bnonornveckow
BOWHbLY) MOIYT OKa3aTbCs BeckMa MONe3HbiMM Kak B OOpbbe mpoTue Teppo-
pU3Ma, Tak W NPW KOHTPONE BEINONHEHUA YCAOBMIA COOTBETCTBYIOWLMX MEXAY-
HAPOAHBIX COrNALLEHWIA NO PAOPYKEHUO.

B KHUre npensnoxeHsl HEKOTOPLIE CRELM®UYECKUe Nnoaxodbl KOHTPONS U
NPEBEHTUBHOMO OrpaHyyeHist BO3MOXHbBIX BOEHHLIX MPUMEHEHUIA HOBbLIX
TEXHONOrMiA. PaccMaTpMBaIOTCA MEpb! MO YKPENMEHWIO B3aUMHOro goBepus,
PacCYUTaHHbIE HA NOAAEPXAHME MUPA, @ HE HAa YCWNeHWe HauWOHaNbHbIX
BOEHHbIX NOTEHLWANO0B.

Knura npenctaBnger GONLWON MHTEPEC ANS CNEuManucTos B 0bnacTy
BOEHHLIX TEXHONOMWIA, TaK HA3bIBAEMOr0 HECMEPTENbHOro (HeneTanbHoro)
OPYKUMA, PA30PYXKEHUS 1 06LLUMX Npobaem MexayHapoaHo# 6e30nacHoCTy.

Cogepxanne;

1. BeegeHue
1.1. HaHoTexHonaruy - "Hogasn
MHIOYCTRYANBHAR PEBONIOUMA"
1.2. 06wwmit 0630p COCTOAHUS
NCCNEL0BaHWin
1.3. 3ameTkn no ncropuu HT
1.4, Hagexas! n onacHocTk,
cBfA3aHHbIe C HT
1.5. PaHrme ynommHaHms 0 BO3MOXHbIX
80€HHbIX NpumeHeHnax HT

2. 0630p cocToauua HT
2.1. O6wme BONPOCH
2.2. Monekynapsbie HT
2.3. Cnuanne v obvegutenue
B HAHOTEXHONOTMAX GUONOrUNECKUX,

MHOOPMALMOHHLIX U "N03HABATEAbHLIX”

TEXHONOrui
2.4. Pazgentl HT
2.5. Paasutue uccneposanmii
g obnactu HT
2.6. MepcnexkTyBLl KOMMEpLMaN3a-
uwm BT
3. BoeHHbie pa3paboTku
B 00nacTm HT
3.1. Paspabotku B CLLIA
3.2. PaspafBoTkn 8 Apyrux cTpaxax
3.3. CpaBHUTENbHbIN aH2NK3 BOCHHbIX
pa3paBoToK B PasHLIX CTpaHax
3.4. BO3MOXHOCTb BOSHUKKOBEHNR
FOHKU BOOPYXeHu B ob6nactn HT

4. Bo3MOXHOCTU BOEHHOr0
npumenenus HT
4.1. BOeHHble npumMeHeHus
OOCTUXEHWIA HT
4.2. CBOAHbIE AAHHBIE MO BOSHHbLIM
rpuMeHeHuam HT
4.3. TIoTeHUNANLHBIE BO3ZMOXHOCTH
BOEHHOrQ NOVMEHEHUA
MonekynapHbix HT

4.4. CpepcTea NnpoTvBOSiACTBYS
BO€HHbIM HT -Cuctemam

5. BO3MOXHOCTH KOHTPONS
BOEHHbIX NPOU3BOACTE.
KoHuenuus u nnannposanue
5.1. 06wmi MOAXOL K OF PAHUYEHNAM
BOEHHbIX TEXHONOI K
5.2. Kputepun v peann3auus MetToaos
KOHTPOAS BOEHHbIX NPON3BOACTE
5.3. BoipaBoTka npasun orpaHuHeHis
BOEHHbIX TEXHOMOMWiA

6. Npumernenne mep
KOHTPONA Npu
v“cnone3oBaHun HT
6.1. MprMEHEHWe OMUCAHHBIX BhitUe
Kputepues kOHTPONs K HT
6.2. Kputepun KOHTPOMA N0 OTHOLLEHWIO
K MONEKyNApHbIM HT
8.3. O6wwe oueHKu
6.4. [leiicTBUA MO OFPAHNYEHNIO
BOEHHbIX HT
6.5. MeTa-acnektbl (06LUme acnekTs)
KQHTPONA 3@ BOOPYXEHWAMM

7. BblBOgbI U peKOMEHA ALK
7.1. Pexomeraaum no OCywecTeReHo
mep KoHTpons 8 06nacti HT
7.2. Cobnioaehne "npo3pauHocTu”
W C03AaHWe aTMOCGhEDhI B3aUMHOr0
nosepwns
7.3. PexomeHpalmm no NposeaeHnio
DanbHENWKX UCCNEAORAHNN
7.4. 3aKNOYUTENbHBIC 3aMETKK

Npunoxennve 1. Crucok nnteparypsi
10 NPO6AEMAM HAHOTEXHONOM i

lpunoxenue 2. HarOTEXHONOMMYECKINE
paspabotiu, ocywecTansemsie DAPRA

MHAMAKOTCA JANBKM HA KHMIH € AOCTABKOA No Poccum
2N0MEHHbIM NaTeXOM NI € IPEAONNATON MO CHeTy.

nowve: 125319 Macksa, a/n 594, usparenvcrso "'p;xuocqua”
o haxcy: (495) 9563346

=mall: sales@technosphera.ru




3aRBKM Ha XHUTY TPHUCEIIAATE IO aAPECY:
125319 Mocksa, a/s 594
H3parenscTBo «TexHochepa»
e-mail: knigi@technosphera.ru
sales@technosphera.ru
thaxc: (495) 956 33 46

B zaaBKe 06s13aT€/1bHO YKA3BIBAUTE
CBOM MOYTOBLIN axpec!

IToppobHas uHdOPMauns 0 KHKHrax Ha calite
http://www.technosphera.ru

Hanomarepnane. Hanorexuonoran.
Haunocneremnas Texuuga
Muposuie nocTnxenn 3a 2005 rox
C6opuwKk nog pegaxuned
E.T.H., npogheccopa I[L.TI. Mansuesa

KomnslotepHas sepctka — B.B. [Tapiosa
Hnzaitn - U A, Kykonesa
Jn3aitn kunxnox cepuit — C.HO. brpu4en
Koppekrop — U.WU. Hakutnua
Buinyckaowmit penaxtop - O.H. Kynewmosa
OTBercTBeHuR I 33 BEHTYcK — O.A. Kasanucea

®opmar 60x90/16. MevaTs odceThas.
lapHutypa HeloToH
tey.n. 9,5. Tupax 3000sk3. 3ak. Ne 821.

Bymara odcer Nel, niioTHoETs 65T/M°

HanateasctBo «Texnocibepas
Mocxksa, JIybaacku# npoean, aoM 27/1

duanoantusn narotosnerbs 000 «Epponoaurpaduss

Orneyatano 8 000 «Yeboxcapekas tunorpadsa Nils,
428019, r. YeGoxcapsl, np. Y. Axosnena, 15





